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SOUTHEAST BEND
G.P.S. CONTROL SURVEY

GENERAL:

The purpose of this survey was to establish high precision mapping coordinates
on government land corners, section and quarter section corners, with G.P.S. by
directly occupying the corners or a secondary monument when not possible to receive
adequate gps signals. From the secondary monument a side tie was made by
conventional survey methods The work was performed in of 1992 and 1993 by various
personal with 3 to 4 Trimble 4000 ST G.P.S. receivers from the Deschutes County
Public Works Department. The County Surveyors Office reduced the baseline
measurements and computed geodetic coordinates on the NAD 83-91 (North American
Datum of 1983, readjusted in 1991) and NAD 83-91 Deschutes County Plane

Coordinates in international feet,

MEASUREMENTS:

| used Trim MBP and GPSurvey single baseline processor for the reduction of
GPS measurements to produce fix solution base lines and hoiding to Trimble's
guideline to high confidence limits for the ratio and rms. criteria.

CLOSURES:

| ran numerous loop ciosures on the base lines to check for Hl errors and
isolation of bad lines for remeasure. In the most part loop closures were 1 to 2 ppm for

lines with 3 or more independent sessions.
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ADJUSTMENT:

HORIZONTAL

A minimal constrained adjustment was accompliished by holding GIS 45 fix with
excelilent result and many partial constrained adjustments using combinations of two to
five fix points, all showing excellent internal consistency. For completion | added ( GIS
01,05,25,35,40,43,44,45,61 ),B009, CB 14, Stevens, 17123600, 17133300, 17133400
17133500 & 17143100 to the system for the fully censtrained adjustment of the
network. Datum for all adjustments was NAD 83 (1991) in latitude, longitude and
ellipsoidal height.

ORTHOMETRIC |

First we used NGS GEOID 90 program to compute geoid heights at each control
point to make a geoid model of the control area. By fixing orthometric heights of three
reliable points in a constrained adjustment, we can cause the geoid model
transformation (deflection in latitude and longitude plus a height constant) onto the
same orthometric datum. Here we can analyze the record elevation at our control
points by using different combinations of fixed height to find errors in data entry,
movement of bench marks and bad elevations.

MARK DATA SHEET:

The mark data sheet shows information about each control station in the
network, such as name, number, horizontal & vertical datum, coordinates, scale factor,
convergence, general information and sketch.

NOTE: ALL VALUES ARE NAD 83 (1991) GPS

DESCHUTES COUNTY COORDINATE SYSTEM:

The County Surveyors Office and the County GIS Section agreed on a
conformal mapping projection for the best fit of the 80 % population area of Deschutes



County, for a grid to groimd distances, being no worse than 1 part in 50,000. This
system is the best for the integration maps, deeds, etc., into the County GIS and should
be of assistance to local surveyors. The County Surveyor in the process of establishing
coordinates at section and 1/4 section corners on the Deschutes County Plane
Coordinate System.

SYSTEM DATA:
DATUM = NAD 83(1991)

PROJECTION = TRANSVERSE MERCATOR
ZONE = DESCHUTES COUNTY

CENTRAL MERIDIAN = W 121° 17’ 00.0000"
LATITUDE OF ORIGIN = N 43° 00' 00.000"
ORIGIN NORTHING = 0.00000

ORIGIN EASTING = 3,300,000.00

SCALE ALONG MERIDIAN = 1.00016000

LINEAR UNITS = INTERNATIONAL FOOT
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BOX 1

MARK NAME:

MARK SET BY:
DATE OF MARK:
LOCATION:

REFERENCE NUMBER

BOX 2

MARK SKETCH:

BOX 3
PART 1

PART 2

PART 3

GENERAL INFORMATION
ABOUT
CONTROL MARK DATA SHEET

Is a name that may be stamped on the monument
( FIRST ) or a point identifier ( 17122604 ).

Best information obtainable of who may have set mark.
Best information obtainable of date that mark was set.
What section, township and range that mark is located.
The reference document and number that has important
information about mark at the time the G.P.S. survey

was performed. ( CS # = COUNTY SURVEY NUMBER )
(OCRR # = OREGON CORNER RESTORATION RECORD
NUMBER) ( DGMC # = DESCHUTES GEODETIC

MAPPING CONTROL NUMBER )These records are on file
in the County Surveyor's Office.

A quick free hand sketch of mark to show general
location and brief description.

Self-explanatory

All the needed information about the datum's and
coordinate system to use for transformations.

Latitude and longitude of the horizontal datum used.

Northing, easting, convergence and scale factor of the
coordinate system used.

Ellipsoid height: height of mark above the reference
ellipsoid

Orthometric height: height of mark on the vertical
datum ( elevation ).

Geoid height: the difference between the reference
ellipsoid and zero elevation of the vertical datum,

One sigma error: the estimated error of uncertainty at
the 68% confidence region.{ FGCC Standard )



CORNER NUMBERING DIAGRAM
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SECTION & QUARTER CORNER
NAMING CONVENTION
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Township 17 South of the Willamette Base Line
Range 12 East of the Willamette Principal Meridian
Section 23

4 X 10 chains North from SW. Cor. of Section 23.
0 X 10 chains East from SW. Cor. of Section 23,
More than one important corner in proximity.

Note: The 10 chains is more a fractional part than a distance.
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SATISFACTORY APPROXIMATION
OF
GROUND TO GRID REDUCTION

" —_Eliipsoid

" Sea Level (Geoid)

Where D=Horizontal Distance
G=Cirid Distance
S=Eliipsoid Distance
H=Mean Elevation Above Ellipsoid
h=Mean Elevation Above Geoid
N=Mean Geoid Height
R=Mean Radius of Earth
SF=Ellipsoid to grid factor
F1=Ground to ellipsoid factor
F2=Ground to grid factor

FROM LA PINE TO MADRAS
N = -65 feet mean geoid height ( NEGATIVE HEIGHT )
R = 20,906,000 feet mean elevation ( ELLIPSOID )

R
S:D(——-—) H=h+N
R+h+N

R
F1= (_"'— ) F2=SF XF1
Center R+h+N

of
Earth

NOTE: See NOAA Manual NOS NGS 5, State Plane Coordinate
System of 1983 by James E. Stem, for more information
on this subject



Transformation of Mark to Mark
Distance to Grid Distance

Pilot Butte

2

-] | Ground |

T = G -

N HEPN

=4
| Ave. Scale Factor = 1.000160026 , :,:

o
i | =
i _ _ Efipsold _R=20,906,000 | F
- | ‘f.’ J ] -
_______ . N | B
| |
i i
SD? — Ak?
G=(sF)| |
(F) (th +N)(1+}11 +N
R R
G=1.000160026 | 10,958.7425% — 434.60°
' 14 3703.46+(-65) 1, 4138.38+(-65)
20906000 20906000

G=1. 000160026\/ 119,505,160.0 =1.000160026/119860941.3

1.00036892

G =1.000160026-10,948.1022 = 10,949.8542°

Grid



E1 B3 ¥ F3 B3 OB RO OKE1 ED RV N I 1 E1 BLF BRI E)

Below is the inverse of adjusted coordinates in our data base.
As we can see that the measured slope distance from Pilot Butte to
Stevens in the EC CARTESIAN column was adjusted by +0.0235
feet, when we add 0.0235 feet to the transformed distance that we
computed form the measured slope distance it fits quite well with
the inverse of the MAPPING PROJECTION coordinates.

In using a approximation for the radius of the ellipsoid and the
geoid height with an average ground to grid factor at intervals for
ever 100 feet of elevation should keep the transformation to 1 part
to 200,000 or better in a local area.

For more information on this subject see NOAA Technical
Memorandum NOS NGS-10 , USE OF CALIBRATION BASE
LINES, by Charles J. Fronczek, Appendix I. The geometrical
transformation of electronically measured distances.

Datum = NAD-83

Coordinate system = User-Defined Transverse Mercatoer
Zone = DESCHUTES COUNTY

Linear unit = Internatl Foot
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¢ ‘Lcast squares! 1 don’t do that kind of survey—
haven’t done a large network in years. Most of our
work is just regular survey work. Qur compass rule works
fine, just press a button and the whole thing’s balanced.
Why would we want to use something as sophisticated as
least squares? Anyhow, I'm not quite sure what it does.”

Does this sound familiar? Unfortunately, the least
squares adjustment method seems to be a mysterious crea-
ture to most surveyors. It is frequently thought of as being
difficult to learn, or not being applicable to “the type of
surveys that [ do.” The fact is that least squares is not dif-
ficult 10 understand once a few basic principles are ex-
plained; more importantly, it is applicable to nearly ail
types of survey work, including the small “regular™ job. It
does not require you to make major changes in your daily
practice, although certain field procedures emhance its
power.

In addition to producing the best adjustment of field
data, least squares provides other benefits not even possi-
ble with other adjustment methods. It helps you to locate
errors in your survey data, gives you an easy way 1o plan
surveys, and provides a statement on the amount of uncer-
tainty for every point in your network. Our goal in this
article is to remove the mystery of least squares by ex-
plaining, in nonmathematical terms, some of the basic con-
cepts, and to illustrate its application to a number of com-
mon surveying problems.

Exactly What Is Least Squares?

A least squares adjustment is a rigorous mathematical
method for adjusting survey data. It has actually been used
by surveyors for a number of years, but was generally im-
plemented only on mainframe computers and was some-
what difficult to handle for the uninitiated user. With the
advent of new high-speed, inexpensive personal computers
and especially modern software techniques, least squares is
now readily available to every surveyor.

As surveyors we have long recognized that adding exira
angle and distance observations adds strength to our sur-
veys and allows for error checking. But we also realize
that these extra measurements make the resulting survey
computations more complex. What can we do to resolve
these redundant observations to arrive at a single set of
coordinates for all our points? Some type of adjustment
must be applied. In the case of interconnecting traverse
loaps, amiving at the single best solution can be difficulr.
In fact, how can you even define a “best” solution?

Various approximate adjustment methods such as the
compass rule and transit rule have traditionally been used.
But how, for example, do you resolve a muitiloop traverse

with a2 compass rule adjustment? You probably attack one
loop at a time, first “balancing™ the angles by adding the
same amount of correction to each angle, and then “cor-
recting™ the bearing and distance of each leg, based on
some mechanical proporiioning of the closure error, Then
you move on to the next loop and repeat the process.
When all the loops are adjusted, you call it quits if they all
fit together pretty well. Otherwise, you might rebalance
the loops in some other order to see if the fit gets better,

If this procedure sounds messy and potentially time-
consuming, you are right. But even more importantly, it
can be shown that the underlying logic of these approxi-
mate adjustments is wrong, even for a single traverse loop.
Survey errors are random! These methods make assump-
tions about measurement errors accumulating in proportion
to the lengths of traverse legs that just are not true-—in
fact, they can introduce distortions into the final coordi-
nates that were not present in the original survey.

In addition, approximate adjustment methods provide
no means of analyzing your survey. But, you ask, is not a
traverse closure good enough? Not at all! It is like your
accountant giving you a final bank balance for the year,
but not giving you a breakdown of income and expenses
by various categories. You would be hard pressed to deter-
mine exactly why you ended up where you did financially.
Least squares gives you an itermnized “accounting sheet” for
your survey, showing exactly how each of your field ob-
servations fits into the overall survey,

What Does Least Squares Adjust And How?

As a surveyor, you know that all measurements contain
errors. In fact, a measurement is only an estimate of the
true value, which is never really known. The table below
shows three types of errors commonly present in surveying
data (although strictly speaking blunders are not errors),
and three methods for handling them.

TABLE 1 - Error Types

Method
Etror Type for Handling
Blunders (Mistakes, recording errors, efc.) Eliminate
Systematic Errors (EDM calibration, etc.) Compensate
Random Eerars (Normal, unavoidable) Adjust with

Least Squares

Blunders (mistakes, recording errors, etc.) must be
eliminated! No adjustment method can tolerate blunders,
although least squares can help you detect and remove
them from your field data. Systematic errors, such as in

Copyright © 1991, P.0.8. Publishing Co., Canton, Michigan. Reprinted with permission.



Why'-:.'We Use

Least Squares
by Glennon J. Watson, LS

he story is all too familiar. You have the com-

mission to survey a 150-acre farm. It is a routine
job, or is it? This time there is a public highway
crossing in one direction and a utility easement
crossing in the other. Of course your code of practice
requires you to show all the visible improvements on
the property.

The solution is routine—traverse the perimeter,
traverse the road, and traverse the utility line, then
tie them all together. Easy, right? Easy enough in the
field, but what happens when you compute and bal-
ance the control traverses? In the first loop you get 1

“in 35,000 and'one second per station in the angles.
Great! The first Cross-tie results in 1 in 15,000 and
three seconds per station. OK? Probably. The second
cross-tie produces 1 in 5000 and 12 seconds per sta-
tion. No good! Third cross-tie? Even worse.

What happened? We measured all the angles the
same way, and we measured all the distances from
each end of the line. They all checked. We checked
all the abstractions. Twice! We looked them over
again—nothing - wrong. Sure,. we picked up a
rounding error here and there, but basically nothing
is wrong. What should we do? Unfortunately, some
of our peers will make it work, but we are not
among them. What would you do?

We would routinely try other solutions. Solving

different loops in different orders would often help.
Perhaps we lost the 1 in 35,000 loop, as fictitious as
it actually was, but we would also improve the third
and fourth connections—most of the time. Some-
times we would go back in the field to look for
something that really was not there. More often than
not we would settle. The baselines met the specifica-
tion, although they could and should have been bet-
ter. :
Have you ever noticed that the eror is not on the
first loop you ‘solve, and often it is not on the sec-
ond? It is the third and fourth connections that get
you. There is a reason these connections are the ones
that do not work. It is because the errors balanced
into the first and second loops were balanced im-
properly. The method used was prejudiced—it hid
the errors rather than balanced them. Some balancing
methods put the errors where they wrll not get in the
way—lf you are lucky. -

Even Lhose of us fortunate enough to own a true
least squares adjustment program for single-loop tra-
verses: only postpone the inevitable.- Simply put, a
least squares adjustment places the errors where they

S i L cantmued'

Least Squares .
In Practice
by Roger A. Frank, PLS"

In fate 1969, I-was first introduced to least squares
adjustments while working with the . Orange
County Surveyor’s Office in Santa .Ana, California.
At that time, most of our “regular” surveys were still
being computed with-rotary calculators and trig ta-
bles with the aid of the compass rule to adjust and
close our traverses.

Orange County was in the process of revalidating
and densifying its horizontal control network. To ad-
just this network, the county had obtained-a’ least
squares program called Cosmos from the Canadian
equivalent of our Nanonal Geodetic Survey (NGS).
Of course, the program Tequired a computer with a
large memory capacity.-The county had two' comput—
ers that took up about 5000 square feet of the engi-

neering building ‘basement. If the computers LWere .

linked together, they would have a whopping:] 128KB
of memory. The- county surveyor’s -office used the
computers to run'Cosmos at night 50 ‘that ‘we would
not interfere with: the more important jobs_of ;assess-
ing property, laxmg the residents, and last; irt cer-
tainly not least, printing-our paychecks :
Data entry was accomplished by hand-lettered
double-checked. code; sheets. These would. be deliv-
ered to the keyp nchdepartment to:be- converted to
punched cards. We;would then manually’ check the
punched cards fo racy and make our own cor-
rections on an extraikeypunch machine. These trays
of punched cards'“ ould be delivered to the’ computer
services departrnen in the late afternoon to run that
night. Each mornmgr,we would pick up the :results,
figure out why it did not work or how the overall
adjustment could be better, and after two or three
weeks we would obtam a very satisfactory adjust-
ment.
Quite a process but when we were done we

would have an. adjustment where all measurements

were weighted accordlng to their strengths “along
with a set of statistics showing the precision of each
measurement and’ coordinate. This was something
that we could have confidence in, and a far cry from
what we could do with our rotary calculators, Peters
tables, and compass rule.

In 1975, two of us left the Orange County
Surveyor's Office to form our own surveying firm.
Of course, we.- Lrled to keep up with-the’ latest
desktop calculalors and computers, the HP 9810,
{then HP 855 and’ HP 86s), but nothing that could
perform a true least, squares network: ad)ustment i
missed the abxhty to-use least squares to’ properly

. continued ..
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Getting the Most Out of Least Squares

electronic distance meter (EDM) calibration, must be com-
pensated for before any adjustment takes place. What is lefi?

Random errors! These are small unavoidable emors that
are an integral part of the measuring process. They are the
few seconds difference in angle readings, and the few hun-
dredths difference in distances that you see all the time in
the field. They are no cause for concem, except that they
must be adjusted comrectly, and that is the job least squares
does right.

Least squares simultaneously adjusts all field data, even
in multiloop traverses. In a least squares adjustment, the
“best”™ solution is defined as the solution producing the
smallest changes to the input field measurements. These
changes between the best-fit measurements and the origi-
nal field data are called residuals. Technically speaking,
the least squares adjustment method minimizes the sum of
the squares of the weighted residuals—hence its name.

But now we have introduced a new term-—weight. The
weight tells the adjustment how much infiuence a mea-
surereent should have. In Jeast squares each observation
(distance, angle, etc.) can be given an individual weight.

The weight you place on your measurements might be
based on the type of instrument you are using, the method
of observation (chained or EDM distance), and the skill of
the field crew. Low weights can be given to less accurately
known field data and greater weights to observations that
are more accurately known, During the adjustment, larger
changes will be given to the less accurate data, minimizing
the changes to the more accurate data. For example, an
angle with short sights can be given a low weight so that
it does not influence stronger angles with longer sights.
Table 2 summarizes the relationship between weights, pre-
cision, and influence on the adjustment.

TABLE 2 - Weights

©cross-ties always seem'to fi

“Strong® “Weak”
Measurement Measurement
Weight HIGH LOwW
Precision HIGH LOW
Influence HIGH LOW
Standard Error Low HIGH

This ability to weight individual measurements is only
avallable in least squares, and it gives you the extra control
needed to produce the best adjustment. However, least
squares does far more than compute the best adjustment. It
also provides a complete analysis of the survey, including a
list of residuals for all measurements, and a statement on the
positional accuracy of each computed point. This analysis can
assist in the detection of survey blunders and the preplanning
of surveys to meet specified accuracy requirements.

What Are Its Advantages?

Least squares provides a number of advantages over
other adjustment methods.
* It is mathematically correct for all types of surveys,
including traverses, triangulation, trilateration, resec-
tion, and intersection in any combination.

Why We Use Least Squares'. coﬁ;i;;éd

are “statistically most probable to have occun'ed S
not where they actually happcned Unfortina Iy, ‘

errors actually occurred. ;
My partners and 1 knew tha: 1f we practice
specific location long: enough we would evi "tﬁ{ﬂl‘

rors as they were found rather, than to bury them d
hope they disappeared. Over the. -years we ha
careful enough not to have experienced many in-"
stances where we had to admit our mistakes.- Néver-' -
theless, we have had to admit a'few, which is’ never:.
a comfortable thing to do,

We have all heard about network adjuslments
They are exotic routines that were once only used by
the National Geodetic Survey. What did they*do?:
Simply put, they considered all the measureme
a traverse network simultaneously rather than one
a time. This simultaneous approach considered:
fourth loop at the same time it considered thc ﬁrst.
Although it stili put the errors where they were. sla—-r_,_
tistically most likely to occur, the analysis cons:d- '
ered all the data rather than just a part of it.

As a practical matter, the Jeast squares adjustment
method was rigorous, costly,"and took too’ long to:-
achieve within the time:and budget constraints of a-
particular job. The fact is, we could meet the specifi-
cations for the job using one of the less ngorous rou-
tines, So why try harder?

The effort involved in “trying harder” is not just
for the individual job. It is for your practice. It is
why you traverse around the entire block rather than
setting out a single baseline with the hope that you
will not have to shove the front comers of your rear
adjoiner onto the sidewalk. It is so people believe
you when you say you have better evidence and
measurements now than you did five years ago.

However, something has finally made our lives
easier. For the past two years we have been using
STAR*NET-—one of a number of available pro-
grams—a least squares solution that allows us to
solve our traverses. With just a few minutes of addi-
tional time we have been able to solve our traverses
as networks. I believe the network adjustment could
be accomplished in less time, but we have elected to
balance the individual loops of the traverses indepen-
dently before performing the network adjustment.
The payoff has resulted in less time spent rechecking
material that was checked twice before, fewer re-
tarns 1o the field. and more reliable coordinate val-
ues for individual points. The proof of this is not in
the abstract, but in the quality of the fourth- and
fifth-generation cross-tie traverses added. afler the .
adjustment is complete and the map pubhshed '

. continued -
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Getting the Most Out of Least Squares

* It computes a single solution, no matter how complex
the survey.

* It does not distort field data, as do some approximate
methods.

*» It allows independent weighting of all field observa-
tions.

* It allows flexibility during data collection—field data
can be collected in any order and configuration.

* It gives you a statement of the accuracy of each com-
puted point.

* It helps detect blunders in field data.

* It helps with survey planning.

* It tells you a lot about the survey.

How Do You Use Least Squares?

You do not need to make major changes to your field
procedures in order to use least squares. In fact, least
squares adds a lot of flexibility to data collection. Dis-
tances and angles can be conveniently collected in any
order without worrying about how the survey will be com-
puted, because the adjustment handles all the data simuita-
neously. Traditionally, cross-ties and extra shots were used
mainly to “check in.” In least squares, these redundant
shots actually become part of the adjustment, adding
strength 10 the survey (more is better). Rather than making
the survey solution more difficult, redundancies strengthen
the survey, make blunder detection easier, and add more
confidence that the adjustment is the “best” solution. Also,
to make a surveyor's life really easy, additional field data
can be added to an existing survey at any time, and the
adjustment can be rerun.

5,,7qmck1y we hay D

C 1 1000.00 1000.00
c 5 427.12 3245.55
#
T8 N45-30-40W # Backsight to fixed bearing
T 1 123-40-28 537.52
¥ 2 217-11-37 719.56
T 3 113-53-15 397.66
T 4 260-19-24 996.23
TE 5 121-22-46 N70-56-55E  # End by tum to fixed bearing
#
B t # Backsight fo known station
T 2 120-11-12 473.25
T 6 -101-32-30 625.76
T 7 198-13-09 533.66
T 8 172:07-27 75322
T 9 -84-32-20 561.01
TE 3 48-20-00 N70-56-55E  # Close to fixed beanng
#
D 48 361.30 R # Extra distance fie
] 625.76

FIGURE 1 W

Figure 1 illustrates a small survey with two traverse
loops and a distance tie between the loops. The two known
points have coordinates supplied, and the rest of the field
measurements are supplied as angle and distance traverse

Why We Use Least Squares contimisd

I would llke to relate two specific instarices where
we have used a metwork solution to improve our
database and our product.

The first involves the villages of Cold Spring and

Nelsonville, New: York, which are located in Phxhps— .

town where we practice. These villages have seen
very little construction .during the past 18 years of
our practice. However sales of various parcels have
resulted in. many surveys for our office. Correspond-

ingly, we “have: developed .a network>of* approx1--‘

‘mately 350 traverse points that were connected” as
the individual surveys were performed. The network
became too dense for us to handle because the bal-
ancing was done’linearly and the inevitable break-

down of the. data ‘became apparent. A traverse mea- .
sured through a block connectxng older points- might

result in a.1.in: 3000 closure, but what could we-
do—the ervor. of . closure was only a tenth of a foot.
and the 1raverse ' only 300 feet long.:: :

Caidtatay

lem mvolvmg"
the late 1940s
original surve
the older firm
acres. The firm'sb

as bounded by three earher surveys
prior to surveymg the 60
traverse method . involved a
30-second,. tran smg' two repetitions . on " string
sights and. ‘sing _tapmg The surveyors ‘made
all the proper coﬂecuons but because they had com-
mitted tothre y forced about one foot into
the fourth side. t0; malc thmgs work. Our’ method for
this survey mvoived one and two full cucle posmons
with a one—second instrument and double electronic-
distance-meter (EDM),observatnons from each end of
each line. : :

This pamcular parcel narrowed consxderably near
its middle S0 we’ decuded_ to cross-tie the traverse in

‘rse through "about ‘60 per-

- cent of the ongmal:-baselme points. Most of the
_ points, whxch were _exposed ledge rock, were, “4—
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Getting the Maost Out of Least Squares

legs. The sample data field uses a simple code to indicate

coordinates (C), traverse lines (TB, TE, and T), and dis-

tances (D).

Once the field data has been prepared, you need to de-
cide how the observations wiil be weighted. You do this by
establishing a “standard error” for each observation. Think
of the standard error as a way of expressing your confi-
dence in your field data. For example, you might decide
that your distances have standard errors of 0.02 feet
43ppm, and your angles five seconds. These values are
normally determined from instrument specifications and
observation procedures. In addition, you might choose a
centering error of 0.005 feet to account for imprecise in-
strument centering. This centering error value will increase
the standard error value for angles with short sights so that
they have less influence in the adjustment than those with
long sights. The least squares adjustment will use these
standard error values to determine weights for all the field
data in order to arrive at the best solution.

Now that you have established the amount of influence
that each measurement will have, you can run the adjusi-
ment and analyze the output. Although the specifics of
running an adjustrnent depend on the package being used,
some output elements are common to most least squares
programs. These include:

* A brief summary of the overall strength of the adjust-
ment. This summary often provides a useful break-
down of how individual measurement types (dis-
tances, angles, etc.) fit into the adjustment.

* A Iist of residuals for all input observations. This list
is a valuable tool for finding blunders in the survey
and for checking the weights you assigned to your
input observations.

A list of adjusted coordinates for all stations in the

survey. These coordinates can be trarsferred to your

CAD or COGO package.

* A list of the computed positional tolerances (error el-
lipses) for all stations in the adjustment. The ellipses
{to be discussed next} show the amount of uncertainty
in the computed position of each point, and can often
be viewed graphically.

What Do Error Ellipses Reveal?

Error ellipses are used to indicate the amount of uncer-
tainty in a computed point's position, sometimes called the
point’s positional tolerance. As one surveyor put it, “It’s
not that the point is uncertain—it's a well-established mon-
ument. It’s my idea of where the point is (as expressed by
its coordinates) that has some possible error.” If you look
at the northing or easting of a point by itself, you can ex-
press its error as plus or minus so many hundredths of a
foot. However, to show the combined effects of the uncer-
tainty in northing and easting requires an error ellipse.

Why does the point have this positional uncertainty
anyway? Agatn, as the surveyor said, “Surveying is one of
the few professions where you rarely get to measure what
you really want. You want coordinates, but you have to
settle for measuring angles and distances, and then com-

puting coordinates.” Remember that all your measurements
are affected by small random errors. Therefore, you would
expect any value computed from these measurements to
also be affected. Least squares, as a part of the solution
process, computes how much uncertainty in the coordi-
nates results from the random errors in the field measure-
ments. It is all there in the solution-—you do not need to
go to any trouble. These positional uncertainties, as repre-
sented by the error ellipses, are also affected by the geom-
etry of the survey.

Two simple cases of error ellipses are illustrated in Fig-
ure 2. The ellipse dimensions indicate the size of the emor
region, and the orientation indicates the weaker and
stronger directions.

consinued

Why We UseLeast Squares

‘to distinguish his’ baselines. The SO]llthl’l -used the.
welghtmg opuons in thc lcast squares’ nctwork pro-' '

observed values aﬁd the adjusted values) in our an-'—--

+.gles and distarices; to
R T

cian. Had it been, the reasons ‘why the least squares' :
“network soiutlon works would be explamed in’ detall

deliver a reliable product to ‘his client. and sull prof t
from the work. Not only has the use of least squares -
network solutions enhanced our ability ‘to"do both, -
but it has made it simple to do so. It has lmprovcd
our product while decreasing’ the time, “necessary to
reach a solution that meets specifications::We have
concluded that a least squares network solution has
brought our balancing procedures into Ime with im-
provements in our traversing procedurcs “which oc-
curred when our transit and tape were retired in
favor of a theodolite and EDM. : A

Glennon 1. Watson, LS. is a founding partner of Badey & Watson.
a surveying and civil engineering firm located in Cold Spring,
New York. He has 30 years of surveying experience. Watson is a
member of the American Congress on Surveying and Mapping, -
- New York Staie Association of Professional Land Sun'e)ors, Incii
_“and New York Srarc Socae[y of Professwnal Engmee i




Getting the Most Out of Least Squares

Angle measured with high precision.
Distance measured with fow precision.

FIGURE 2

Angle measured with low precision.

Distance measured with high precision.

In a simple traverse between two fixed points, the error
ellipses tend to increase in size according to the point’s
distance from a fixed station, as shown in Figure 3.

FIGURE 3

You should realize that least squares gives numerical
values for the positional uncertainty of each point. For ex-
ample, Figure 4 shows an actual ellipse that resulted from
the adjustment of a multiloop traverse survey. Also shown
are the ground dimensions of the error ellipse around the
point. Even survey loops that close with very high preci-
sion may have large ellipses around the points, depending
on the geometry of the survey.

Take the example of the surveyor who traversed
through several miles of forest to discover that his newly
tocated section corner was a half a foot away from a mon-
ument he found. When he traversed back, he closed to
1:55,000—so should the comer be reset? A least squares
adjustment of the survey shows that the error ellipse for
the new corner was over 1.5 feet long. This eliipse obvi-
ously raises some doubt about whether the new- point is
really any better than the existing monument. The closing

N/

FIGURE 4

weigh and adjust our surveys which’ were ﬂenerally
mubiloop traverses. While our compass rule programs
worked, in order to really use all the data we had 1o
adjust each loop several times, or.adjust the big loop -
and hope the cross connections would fit. This was a
tedious and only an approxjmate procedure. - o
On several occasions where we had large control
nets for cities or a Federal agency, we did manage to
coerce the county into adjusting théem with Cosmos. "~
During these years, I always had my ear to. the{i
ground trying to find a program package to do even:-
a small amount of least squares on computers that a
mid-sized surveying firm such as ours could afford. .
In 1987, we started converting our office from the"'-_;
tried and true HP 86s to IBM PC compatibles. These -
newer computers had memory and capabilities rival-" "
ing or exceeding the older mamframes we prevmusly
used for least squares.
I checked with NGS, which was in the process 1)
converting one of its programs, called -Adjus
work on a PC. We obtamed a pnerelease copy of ‘this®:
program and uséd it to’ ad}ust an“aerial ¢ontre 3
work of about 70 stations: ‘While - the program
worked, it was difficult for non-NGS-trained- pe“ g
nel to decipher the instructions and code the in 'ned
data. We also had to break the project mto y
tions due to capacity limitations. o
So we kept locking and came across another
sonably priced package. We' purchased it and’ foun’
data input to be quite easy. During “initial” r.esn:fg
however, we discovered we would get dli’feren; :
swers depending on the order in which the data’was
entered. In other words, it d1d not work - o

from one of the top-rated western umveraues. 2
this one may have been effecuve it had such’

up to its advemsements The package has usabIe i
documentation, easy coding of input data, and'a very
helpful blunder detecuon feature The aur.hors are’

improve due to input from users.
We can now properly ad_]ust our, normal ll'ave
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precision resulting from a compass rule adjustment tells
you nothing about the positional accuracies of individual
points. Only error ellipses can do that correctly.

A Word Abeut Finding Blunders

As you know by now, blunders cannot be part of the
adjustment; they must be located and removed from your
field data. Least squares provides some useful tools for lo-
cating blunders. Normally, the entire adjustment is sub-
Jected 1o a statistical test (called the Chi Square test for the
experts in the crowd) that checks the overall validity of
your data, the standard errors that you assigned, and the
adjustment results. You do not have to understand statistics
to know that if your adjustment fails this test, you had bet-
ter start looking for the source of the problem. This test is
usually a part of the adjustment program, and failing it
sounds a warning bell to alert you to a potential problem.

Let us imagine that you carefully prepared your field
data, assigned standard errors that really reflect the way
you survey, and have run your first least squares adjust-
ment. Unfortunately, the program has told you that your
survey “Fails the Test.” Should you give up and retumn to
the compass rule, because it never gave you such discour-
aging news? If you have read this far, you know by now
we are not going to allow that.

At this point, you need to perform some detective work,
with the adjustment providing all the clues you need to
find the source of your problems. There are a number of
techniques for finding blunders in a least squares adjust-
ment, including automated blunder detection routines in
some software. However, one simple manual technique is
to look at the resulting residuals on your field data after
the adjustment. If everything was perfect, you would ex-
pect the residuals to be roughly equal to the standard er-
rors that you chose for your field data. Due to random er-
rors, there will be some variation up and down, but if a
residual exceeds three times its standard error, there may
be a problem.

TABLE 3 - Checking For Blunders

[ S PR N

Residuals in Angles

From To Adf Angle Residual StdErr StdRes
4 2 +58-15-40.22 +0-00-27.22 4.00 6.8

2 +129-57-21.68 +0-00-32.68 4.00 8z

3 1 +99-58-37.68 +0-00-29.68 4.00 747

2 6 +61-47-49.93 0-00-02.07 4.00 05

1 7 +90-00-02 47 -0-00-02.53 4.00 0.

Residuats in Distances

At To Adj Dist Residual StdErr SicRes
1 2 973.9700 -0.0090 0.030 0.2

2 3 422.5785 0.0675 0.03¢ 2.3

3 4 512.6738 00298 0.030 10

Table 3 shows an excerpt from an actual adjustment
containing a blunder. The last column in the table, calied
the standardized residual, is the ratio of the residualk to
the input standard errors. Those with values above 3.0 are
flagged to draw your attention to them. You can sce imme-

vith least” squares”
adjustment work hand in hand. One of ihe great, ad—
vaniages of GPS is that_the pomts _
intervisible."Ong of the dlsadvanta cs'of GP*S.,;Pom

when later used i in conventlonal '

L e . CrEYE
control and conventional surveys:

start at one known GPS por.nt with 1o bac
ventionally survey to another known point, and adjust-"
between the two. If a third known point lS mcluded-»~.
anywhere in the traverse, sufficient redundancy
troduced to allow complete confidence -in tlns
backsight, no-check-in-azimuth type of survey.”
Given the task of locating a series of intersecting
transmission lines 'in a refinery and detcrmmmgf
clearances for additional construction, we measired-
a baseline along one side of the project, tumedhou -
zontal and vertical angles from the ends of this -
line 1o all the insulators at each end of the s
lines and to the low point of each line, and coded,th
angles into the least squares program. The sof
produced the horizontal locations of all the s :
lines, the elevation of both ends of each line, and’ thes
low point of the catenary. Although these results.
could have been achieved by other methods; thls
procedure saved us much time in both the field and
the eoffice, and again, we havc a lot of conﬁdence in
our answers. L — :
When we were surveymg Lhc center]m
winding mountain road with 300-p1us courses,
of which were 50 to 100 feet i in length but with vis-
ibility into a broad river wash on one side, we 5
large sight on a known control station in thc
area about two miles away. We then tumed angle
this sight at all the traverse points from  whi
could be seen. Using  least squares, this_.‘_red_l‘m .
data was easily incorporated into the traverse adjust-
ment along the road and allowed us to have a high
level of confidence in our azimuths and in the entire
survey. It might be worthy to note here that using: ‘this
same technique, but turning to a natural sight whosc
position is not known from a number of points in the
survey, should control azimuth nearly as well.
Somewhere in the past I have heard that the dif-
ference between a technician and a professional is
that the technician uses his education, training, and
the available equipment to perform his job as trained
or educated, while a professional uses his education,
training, and equipment to innovate new, better,.or
more efficient methods of performing his projects.
The least squares method is a valuable tool that is
now readily available to all professional surveyors. It
allows these professionals to expand their capabili-
ties 1o the limits of their imaginations. A

Roger A. Frank, PLS, is a principal of Johnson-Frank & Associ-
ates, Inc., a land surveying firm based in Anaheim, Cal ifornia. He
is registered in seven western states and specializes in high-order
horizontal and vertical conrol, aerial control, and boundary de-
lermination.




diately that there are several very large standardized resid-
uals on the angles. A good place to start looking for blun-
ders would be the angle with the largest standardized re-
sidual. That may not always be the one, and you may need
to lock at the next few angles as well, but it represents a
good clue.

Using Preanalysis To Plan Surveys

Least squares can be used to compute the accuracies of
survey points, and the relative accuracies between points,
before any field observations are made. How is this possi-
ble? First you supply a list of input station names along
with their approximate coordinates scaled from a map or
photograph, indicating roughly where the survey points are
planned. Then you enter a list of the proposed measure-
ments, using “From and To" station names rather than ac-
tual field survey data. Finally, just as in regular data, you
need to indicate standard error values for these proposed
measurements 5o that the proper weighting can be applied.

FIGURE 5

Preanalysis results for a small network. The shape and size of the
error ellipses indicate increasing positional uncerainty as we move
away from the fixed stations. ;

The least squares preanalysis will now take this pro-
posed survey and generate computed accuracies (error el-
lipses) for all survey stations. You can then review the re-
sults, and add or delete measurements as needed to meet
the required accuracy specifications. Even if the actual sur-
vey varies somewhat from the proposed configuration, this
technique allows you to develop a general plan for each
survey that will result in the most efficient use of your
field time.

What Else Can I Use It For?

Because least squares allow so much flexibility in data
collection, and because it provides a single “best-fit” solu-
tion no matter what kind of survey was performed, you
can use it to help you in a vanety of field applications. For
example, imagine that you. are running a traverse and
reach a point where several short legs would be required.
You know that the short sights will weaken the traverse,
but with least squares you can set an additional point, and
observe all possible distances and angles to it. The adjust-
ment will use all the data, and strengthen the corner con-
siderably.

FIGURE &

Strengthening of traverse with short traverse legs by observing a
remote point.

Resections can be easily handled, with any number and
combination of angle and distance observations. Least
squares will automatically compute the best coordinates,
plus produce an error ellipse showing how accurate the re-
section was. Traversing becomes much more flexible. You
can begin with or without a backsight to a known bearing,
and close to a known point with or without a closing angle
to another known bearing. Solar azimuths, appropriately
weighted, can be added wherever needed to strengthen the
traverse. Additional distance and angle ties can be ob-
served wherever possible. They will assist with blunder de-
tection and will strengthen the traverse.

Least squares is a powerful adjustment technique that
gives you a complete accouniing sheet for your surveys. It
gives you the best possible results while preserving your
field data as much as possible. It provides you with a de-
tailed statement of how each observation fits into the ad-
justment, and a statement of accuracy for each computed
point. All this information allows you to make intelligent
an1 informed decisions about the strength of any particular
survey. Least squares also provides tools for locating blun-
ders in field data, and for preplanning surveys to meet ac-
curacy specifications. Least squares is the only adjustment
method that does justice to your high precision equipment
and your good field practice.

Several states and many Federal government agencies
are now (or soon will be) requiring the use of least squares
adjustments and positional tolerance statements for all sur-
veys, rather than the more traditional traverse closing pre-
cistons. In the near future, we will probably look back and
wonder how we ever managed without least squares. A

Sean Curry, PhD, serves as director of development at STARPLUS Soft-
ware, Inc. in Oakiand, California. He has graduate degrees from the Uni-
versity of California Berkeley in civil engineering. He raught surveying at
this same university and has extensive experience in software develop-
ment for the surveying and photogrammetry communities.

Ron Sawyer serves as director of sales at STARPLUS Software, Inc. He
has a Master of Science degree in architeciural engineering from the
University of Illinois and is a registered civil engineer in the state of
California. He has developed software for civil engineers and surveyors
both as a private consultant and as a manager of a software service com-
pany.

STARPLUS SOFTWARE, INC., 460 Boulevard Way, Qakland, CA 94610
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RUBLISHING COMPANY
OLILLEY ROAD #5 - CANTON, Ml 48187

December 7, 1993

Biil Kauffman

Deschutes County Surveyors Office
61150 S.B. 27th St.

Bend, OR 977102

Dear Mr. Kauffman:

P.0.B. Publishing Company grants you peraission to reproduce
“Getting the Most Out of Least Squares,® which appeared in the
February-March 1991 issue of P.0.B.

The only requirement is that you include the folloving P.0.B.
copyright information on the first page of the article that is
reproduced,

COPYRIGHT 1991 P.0.B. PUBLISHING CO., CANTON, MICHIGAN.
REPRINTED WITH PERMISSION.

Please don't hesitate to contact me if you need any additional
assistance (800/9%4-3624).

Sincerely,

Uictoun 8. Dkt umcon

Victoria L. Dickinson
Bditor
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CONTROL MARK DATA

..... DENC...... 7

NAME OF MARK: a1s OL. . . oo ~ COUNTY: DESCHUTES
MARK SET BY: nporgurEs..CO....SURVEYOR.... STATE:  OREGON
DATE OF MARK: COUNTRY: U.S.A.

MARK SKETCH: Q

BLar (Ceree

\ T N W aVaVayl

1/ b3 _7'--57-1
\ 2ra” Deanws (AL i
To? cuz 3
! \ i ,
Q N

702 3400
PEMAC 1L
Ponn Se/l2rAaCe

DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE

DATE: 1952-1993

FIELD METHOD: GPS FIELD EQUIPMENT: TRIMBLE 4000ST

ADJUSTED WITH: TRIMNET PLUS

DATUM: HOIZONTAL= NAD (83-91)

) VERTICAL= NGVD 29
COORDINATE SYSTEM: TRANSVERSE MERCATOR
ZONE: DESCHUTES COUNTY

LINEAR UNITS: INTERNATIONAL FOOT

GEODITIC AND MAPPING COORDINATES

ORIGIN NORTHING:
ORIGIN ERSTING:

SCALE ALONG MERIDIAN:

MARK: GIS 01 HORIZONTAL ORDER:
Latititude: 44°03'04.549162"
Longitude: 121°17°01.952450"™
Northing: 383258.5924
Easting: 3299857.3849
Convergence: -0°00°01.3575"
Scale Factor: 1.000160000023
Ellipsoid Height: 3594.124 \ﬁé
Orthometric Height: 3658.4084 '
Geoid Height: -64.2844

CENTRAL MERIDIAN: W 121°17'00.000000"
LATUIDE OF ORIGIN: N 43°00'00.000009"

0.0000 F
3,300,000.0000 F

1.000160000000

FIRST

ONE
SIGMA
ERROR

0.014
0.013
Sy

TR

5‘:585 0.027
0.037
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CONTROL MAREK DATA
NAME OF MARK: GIS 05 i COUNTY: DESCHUTES o
MARK SET BY: DRSCHUTES.COQ. SURVEYOR .. STATE: _ OREGON
DATE OF MARK:  4q9gg | COUNTRY: U.S.A.
LOCATION: SECTION 33 TOWNSHIP 17 S. RANGE 12 E. MERIDIAN: WILLAMETTE
REFERENCE NUMBER: pgMC T e ara e ————————nmann
HARK SKETCH: f A Gls oS
)', \> 37" puw CAD
_i \ju.S”ﬁ%%Z
- X IAL FSS oL
/7 Cords. uP 14/
1 BEaw. .. — CREEE
1\ 3
d -
E - A;f“*— « -
[ 3 Reass Cao
T’ I HMOAS Rok

DATA COMPUTED

FIELD METHOD:GPS

BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1992-1993

FIELD EQUIPMENT: TRIMBLE 4000ST ADJUSTED WITH: TRIMNET PLUS

PATUM:

BOIZONTAL=

VERTICAL=

CENTRAL MERIDIAN: W 121°17°'00.000000"
N 43°00'00.000000"

NAD (83~91)

NGVD 29 LATUIDE OF ORIGIN:

COORDINATE SYSTEM:

TRANSVERSE MERCATOR

ZONE: DESCHUTES COUNTY

ORIGIN NORTHING:
ORIGIN EASTING:

0.0000 F
3,300,000.0000 F

LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000
GEODITIC AND MAPPING COORDINATES
MARK: GIS 05 HORIZONTAL ORDER: FIRST
L. ONE
Latititude: 44°03'05.906408" SIGMA
Longitude: 121°15°'48.292458" ERROR
Northing: 383396.68% 0.010
Easting: 3305237.7858 0.009
Convergence: +0°00'49.8587"
Scale Factor: 1.000160031329
Ellipsoid Height: 3587.4858 0.017
Orthometric Height: 3651.7295 0.031
Geoid Height: ~-64.2436
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DESCHUTES COUNTY PRIME CONTROL NETWORK
CONTROL STATION DESCRIPTION

NAME: GIS 0025 HORIZONTAL DATUM: NAD 83 (1991)
GIS # 0025 VERT. DATUM: NGVD 29 & NAVD 88
ORDER C-1st. ( GPS)  ||--——====—=————oo=omoommm oo
_ LATITUDE:  43° 58' 43.24277" N
STATION LOCATION LONGITUDE: 121° 13' 28.43499" W
. Y I (— EC CARTESIAN ——————=—=
] X: -2383560.870 METERS
. v: -3931921.280 METERS
. %z +4407209.805 METERS
R B | HEIGHT ———————=————
. ELLIPSOIDAL: 1184.736 METERS
. ‘ NGVD 29 : 1204.111 METERS
. NAVD 88 : 1205.281 METERS
. ———- SPC -— OREGON SOUTH ----~--
. NORTH: 257086.104+.003 METERS
EAST: 1441865.606%.003 METERS
T. 18 S.—- R. 12 E., SEC.36 SCALE FACTOR: 0.999994651
: CONVERGENCE: - 0° 29' 44.55 "

The horizontal coordinates & ellipsoidal height was determined by
GPS observations constrainted by Oregon High Percision Network.
Adjusted by Deschutes Co. Surveyor's Ooffice in July 1991.
The orthometric height was determined by GPS.

---.—.——___......-__...___._——_————_—.——_———_——_..-_—_——__—_.._..__..._———_———.-.—_.——_.——.»—

ROAD.

SURFACE MARKER:

MARK IS STAMPED - G¢IS 0024 1988 LS 1031

ACENCY INSCRIPTION — DESCHUTES COUNTY SURVEYORS OFFICE
THE STATION IS LOCATED ABOUT 6.8 MILES SOUTHEAST OF BEND.

———— S ——— T A s 1 . T S A T e S, S T T . ek S S S e S e e

TO REACH THE STATION FROM BEND,START AT THE INTERSECTION OF US
HWY 20 (GREENWOOD AV.) & US HWY 97 (3RD ST.), PROCEED EAST ON HWY
20 FOR 2.04 MI., TURN RIGHT ON SE 27th STREET & PROCEED SOUTH FOR
3.14 MI., TURN LEFT ON RICKARD ROAD & PROCEED EAST FOR 1.72 MI.,
TURN RICGHT-ON BILLADEAU ROAD & PROCEED SOUTH FOR 1.0 MI, CONTINUE
SOUTH ON (NOW HORSE BUTTE ROAD) FOR 1.0 MI. TO THE STATION ON
THE RIGHT.

THE STATION MARK IS A 3 1/2 IN. STANDARD DESCHUTES COUNTY
ALUMINUM IN A MASS OF CONCRETE 0.3 FEET ABOVE GROUND LEVEL.

2.0 FEET SOUTH OF A WIRE FENCE.
47 FEET WEST OF A END POST OF A CATTLE GUARD ACROSS HORSE BUTTE

DESCHUTES COUNTY SURVEYOR'S OFFICE
61150 S.E. 27th st.
Bend, Oregon. 97702

— e e & N [
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DESCﬁUTES COUNTY PRIME CONTROL NETWORK
CONTROL STATION DESCRIPTION

NAME: GIS 0035 HORIZONTAL DATUM: NAD 83 (1991)

GIS # 0035 VERT. DATUM: NGVD 29 & NAVD 88
ORDER C-1st. ( GPS ) e
LATITUDE:  43° 59' 27.22059" N

STATION LOCATION LONGITUDE: 121° 19' 54.79581" W

S N | —— EC CARTESIAN —r=——————e

) X: ~2390428.171 METERS

) Y: -3926638.995 METERS

. A 2 +4408180.587 METERS

R SR | I HEIGHT —~———me— e

) ELLIPSOIDAL: 1176.031 METERS

) NGVD 29 : 1195.480 METERS

. NAVD 88 : 1196.648 METERS

) ———— SPC —- OREGON SOUTH ————w—n

] NORTH: 258523.399+.003 METERS

EAST: 1433268.500%+,003 METERS

T. 18 §.- R. 12 E., SEC.30 SCALE FACTOR: 0.999997699
CONVERGENCE: — 0° 34" (0g8.88 *

The horizontal coordinates & ellipsoidal height was determined by
GPS observations constrainted by Oregon High Percision Network.
Adjusted by Deschutes Co. Surveyor's Office in July 1991.

The orthometric height was determined by differential leveling.

SURFACE MARKER:

MARK IS STAMPED = GIS 0035

AGENCY INSCRIPTION - NONE .

THE STATION IS LOCATED ABOUT 5 MILE SOUTH OF BEND.

TO REACH THE STATION FROM BEND, START AT THE INTERSECTION OF US
HWY 20 (GREENWOOD AV.) & US HWY 97 (3RD ST.), PROCEED SOUTH ON
HWY 97 FOR 5.1 MI TO THE INTERSECTION WITH BAKER ROAD, TURN LEFT
ON DIRT ROAD (UNDER CONSTRUCTION FOR 10 YEARS) AND PROCEED EAST
FOR 1000 FEET TO THE STATION ON THE RIGHT.

THE STATION MARK IS A 2 IN BRASS DISK GROUTRED IN A ROCK OUTCROP
AT GROUND LEVEL.

8.6 FEET NORTHERLY FROM A WIRE FENCE LINE
2 FEET NORTH FROM AWITNESS POST.

mlaBaBaBslaBaBaBaBaBaBaEasNaNaNoNoNalla

DESCHUTES COUNTY SURVEYOR'S OFFICE
61150 S.E. 27th St.

Bend, Oregon. 97702

(503) 383-4395



DESCHUTES COUNTY PRIME CONTROL NETWORK
CONTROL STATION DESCRIPTION

NAME: GIS 0040 HORIZONTAL DATUM: NAD 83 (1991)
GIS # 0040 VERT. DATUM: NGVD 29 & NAVD 88
ORDER C-1st. ( GPS ) = |im——mmmmmm e oo

LATITUDE: 43° 59' $56.97572" N

STATION LOCATION LONGITUDE: 121° 06' 58.29775" W
S T EC CARTESIAN ——————==-

. X: -2375262.167 METERS

. : -3935002.092 METERS

; : z: +4408771.718 METERS
O HEIGHT —————w——mee—

3 ELLIPSOIDAL: 1075.734 METERS

A . NGVD 29 : 1095.145 METERS

. NAVD 88 : 1096.307 METERS

. ---— SPC —— OREGON SOUTH ——-—--

. NORTH: 259292.162%.004 METERS

EAST: 1450577.199%.003 METERS

T. 18 S.—- R. 13 E., SEC.24 SCALE FACTOR: 0.999989787
CONVERGENCE: - 0° 25' 17.64 "

The horizontal coordinates & ellipsoidal height was determined by
GPS observations constrainted by Oregon High Percision Network.
Adjusted by Deschutes Co. Surveyor's Office in July 1991.

The orthometric height was determined by differential leveling.

SURFACE MARKER:

MARKX IS STAMPED - GIS 0040 1990

AGENCY INSCRIPTION - NONE

THE STATION IS LOCATED ABOUT 10.0 MILES EASTERLY OF BEND.
TO REACH THE STATION FROM BEND,START AT THE INTERSECTION OF US
HWY 20 (GREENWOOD AV.) & US HWY 97 (3RD ST.), PROCEED EAST ON HWY
20 FOR 11.2 MI. TO THE STATION ON THE LEFT.

THE STATION MARK IS A 2 IN. BRASS CAP GROUTED IN CONCRETE AT THE
SW CORNER OF A STATE HWY CONCRETE JUMP SCALE PAD AT GROUND LEVEL.

54 FEET NORTHEAST FROM THE CENTERLINE OF HWY 20.
30 FEET SOUTHWEST OF A WITNESS POST.

DESCHUTES COUNTY SURVEYOR'S OFFICE
61150 S.E. 27th St.

Bend, Oregon. 97702

(503) 383-4395
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DESCHUTES COUNTY PRIME CONTROL NETWORK
CONTROL STATION DESCRIPTION

HORIZONTAL DATUM: NAD 83 (1991)
VERT. DATUM: NGVD 29 & NAVD 88

NAME: GIS 0043
GIS # 0043
ORDER C-1st. (_GPS )

LATITUDE: 44° 02' 14.18867" N

STATION LOCATION LONGITUDE: 121° 09' 11.29598" W
. EC CARTESIAN -—-——~————"—

. Xz ~2376271.397 METERS

. Y: -3930942.789 METERS

. Z: +4411808.635 METERS
——————————— HEIGHT —-—-~————————=—

ELLIPSOIDAL: 1062.666 METERS

. NGVD 29 : 1082.159 METERS
. NAVD 88 : 1083.318 METERS
———— SPC —— OREGON SOUTH —-————-
A NORTH: . 263549.533*.003 METERS
EAST: 1447647.137+.003 METERS
T. 18 S.- R. 13 E., SEC. 3 SCALE FACTOR: 1.000009687
CONVERGENCE: - 0° 26' 48.63 "

The horizontal coordinates & ellipsoidal height was determined by
GPS observations constrainted by Oregon High Percision Network.
Adjusted by Deschutes Co. Surveyor's Office in July 1991.

The orthometric height was determined by GPS.

SURFACE MARKER:
MARK IS STAMPED - GIS 0043 1988 LS 1031
AGENCY INSCRIPTION - DESCHUTES COUNTY SURVEYORS OFFICE
THE STATION IS LOCATED ABOUT 4.0 MILES EASTERLY OF BEND.

——— A — . - At S .t — — i i o T o = i S S o i B i T L ek . . e e M S M S i S M M S ok S, e o

TO REACH THE STATION FROM BEND,START AT THE INTERSECTION OF US
HWY 20 (GREENWOOD AV.) & US HWY 97 (3RD ST.), PROCEED EAST ON HWY
20 FOR 2.04 MI. TO THE INTERSECTION WITH 27th STREET; PROCEED
EAST ON HWY 20 FOR 2.1 MI. TO THE STATION ON TRHE LEFT.

—— ——— ——— —— — T — T A — T ——— — e o o T T W i o e B o . T i o MR T T el S S S e ST

THE STATION MARK IS A 2 IN. BRASS CAP GROUTED IN A ROCK OUTCROP

AT GROUND LEVEL 2 FEET ABOVE ROADWAY.
13.0 FEET SOUTH OF A WIRE FENCE
21 FEET NORTH FO THE NORTH EDGE OF PAVEMENT

2 FEET NORTH OF A WITNESS POST.

DESCHUTES COUNTY SURVEYOR'S OFFICE
61150 S.E. 27th St.
Bend, Oregon. 97702

MY TO03 _AYOQ o
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DESCHUTES COUNTY PRIME CONTROL NETWORK
CONTROL STATION DESCRIPTION

NAME: GIS 0045 HORIZONTAL DATUM: NAD 83 (19%91)
GIS # 0045 : VERT. DATUM: NGVD 29 & NAVD 88

ORDER C-1st. ( GPS ).  |l=—==—me—mmmm e
LATITUDE: 44° 0O1' 18.86119" N

STATION LOCATION LONGITUDE: 121° 15' 37.12025" W
A - mm=— EC CARTESIAN -——————=——
. X: ~2384255.491 METERS

. ¥Y: -3927537.569 METERS

. Z: +4410616.609 METERS

e e s e e e e e e e HEIGHT -—-——=—s————
. ELLIPSOIDAL: 1114.408 METERS

NGVD 29 : 1133.921 METERS

NAVD 88 : 1135.085 METERS
. —-=-— SPC —-- OREGON SOUTH --———-—

. NORTH: 261914.419%.002 METERS

EAST: 1439041.270%.002 METERS

T. 18 S.- R. 12 E., SEC.14 SCALE FACTOR: 1.000005641
CONVERGENCE: - 0° 31' 1i2.59 "

The horizontal coordinates & ellipsoidal height was determined by
GPS observations constrainted by Oregon High Percision Network.
Adjusted by Deschutes Co. Surveyor's Office in July 1991.

The orthometric height was determined by differential leveling.

SURFACE MARKER:

MARK IS STAMPED - GIS 0045

AGENCY INSCRIPTION — DESCHUTES COUNTY SUTVEYORS OFFICE
THE STATION IS LOCATED ABOUT 3.5 MILES SOUTHEAST OF BEND

—— — T e e e A ——

T —— T —— T — T — . T_— Y —— o ST oD . el S ol S T W W R o S g Tt T ot T et

TO REACH THE STATION FROM BEND, START AT THE INTERSECTION OF US
HWY 20 (GREENWOOD AV.) & US HWY 97 (3RD ST.), PROCEED EAST ON LWY
20 FOR 2.04 MI., TURN RIGHT ON SE 27TH STREET & PROCEED SOUTH FOR
2.35 MI., TURN LEFT AT THE DRIVE WAY TO THE DESCHUTES CO. PUBLIC
WORKS DEPT., PROCEED 50 FEET AND KEEP LEFT ON THE NORTH DRIVE WAY
FOR 300 FEET TO THE BACK GATE TO THE PUBLIC WORKS COMPOUND,
CONTINUE EAST FOR 350 FEET TO THE STATION ON THE LEFT.

— . — —— T —— . ——" [ —— ——— —— ——— . T~ o e Sk G e e . B e e Ml e e A e A S A " T ST —— . —— T T S S e el P i, S St W

THE STATION MARK IS A 3 1/2 IN. STANDARD DESCHUTES COQUNTY
ALUMINUM DISK IN A MASS OF CONCRETE AT GROUND LEVEL.

40 FEET NORTH OF THE EDGE OF PAVEMENT.

160 FEET EAST OF A CONCRETE LOADING DOCK.

6.0 FEET SOUTH OF A CHAIN LINK FENCE.

DESCHUTES COUNTY SURVEYOR'S OFFICE
61150 S.E. 27th St.

Bend, Oregon. 97702

{(503) 383-4395
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DESCHUTES COUNTY PRIME CONTROL NETWORK
CONTROL STATION DESCRIPTION

NAME: STATE HWY DEPT 'PI' HORIZONTAL DATUM: NAD 83 (1991}
GIS # 0061 VERT. DATUM: NGVD 29 & NAVD 88

ORDER C-~1st. ( GPS ) e e e
LATITUDE:  43° 56' 39.13776" N

STATION LOCATION LONGITUDE: 121° 01' 44.79138" W

—————— EC CARTESIAN ———=—m~——m
~2371468.099 METERS

- Y: " ~3942247.622 METERS

. Z: +4404383.677 METERS
S e it HEIGHT ————=—e——m—~
. ELLIPSOIDAL: 1086.090 METERS

NGVD 29 : 1105.340 METERS

NAVD 88 1106.517 METERS
: ——~—— SPC —— OREGON SOUTH ------
. NORTH: 253138.424+.005 METERS
EAST: 1457523.319+.004 METERS

>

T. 19 S.— R. 14 E., BSEC.10 SCALE FACTOR: 0.999986299
B CONVERGENCE: - 0° 21' 43.16 "

The horizontal coordinates & ellipsoidal height was determined by
GPS observations constrainted by Oregon High Percision Network.
Adjusted by Deschutes Co. Surveyor's Office in July 1991.

The orthometric height was determined by differential leveling.

SURFACE MARKER: et

MARK IS STAMPED - PUNCH MARK ONLY

AGENCY INSCRIPTION - STATE HWY DEPT OREGON

i THE STATION IS LOCATED ABOUT 13. 5 MILES SOUTHEASTERLY OF BEND.

—— S — T —— i _—— ot — " - —

TO REACH THE STATION FROM BEND, START AT THE INTERSECTION OF US
HWY 20 (GREENWOOD AV.) & US HWY Y7 (3RD ST.), PROCEED EAST ON HWY
20 FOR 17.1 MI. TO A SIDE ROAD ON THE LEFT, TURN LEFT AND
PROCEED 70 FEET MORE OR LESS TO A CATTLEGUARD IN FENCE LINE,

THE STATION IS ON THE LEFT 150 FEET, BEING THE CENTERLINE POINT
OF INTERSECTION OF HWY 20.

—— e s . T —— — T M T o Y — . S . dnll W b S

THE STATION MARK IS A 1 1/2 IN. ALUM CAP ON A TRON RON IN A MASS
OF CONCRETE.

10.5 FEET SOUTHERLY OF A WIRE FENCE

XX FEET NORTHEAST FROM THE CENTERLINE OF HWY 20.

2 FEET SOUTHWEST OF A yITNESS POST.

DESCHUTES COUNTY SURVEYOR'S OFFICE
61150 S.E. 27th St.

Bend, Oregon. 97702

(503) 383-4395
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DESCHUTES COUNTY PRIME CONTROL NETWORK
CONTROL STATION DESCRIPTION

HORIZONTAL DATUM: NAD 83 (1991)
VERT. DATUM: NGVD 29 & NAVD 88

e —— A b b ks e . T T . e . T o e T g o g e s . e S St Y

LATITUDE: 44° 02' 12.88309" N

NAME: STEVENS
SIS # NONE
ORDER C-~1st. ( GPS )

STATION LOCATION LONGITUDE: 121° 15' 27.11712" W
A EC CARTESIAN —————w-—-

. X: ~ ~2383461.676 METERS

. Y: ~3926659.215 METERS

. Z: +4411812.060 METERS
T b HEIGHT —=m——=m——n——
. ELLIPSOIDAL: 1109.274 METERS

. NGVD 29 : 1128.816 METERS

. NAVD 88 : 1129.980 METERS
. ~-—- SPC -- OREGON SOUTH --=---

. NORTH: 263579.713+%.003 METERS

EAST: 1439279.126%.003 METERS

T. 18 s.— R. 12 E., SEC.1l1 SCALE FACTOR: 1.000009591
CONVERGENCE: ~ (0° 31' 05.75

The horizontal coordinates & ellipsoidal height was determined by
GPS obhservations constrainted by Oregon High Percision Network.
Adjusted by Deschutes Co. Surveyor's Office in July 1991.

The orthometric height was determined by differential leveling.

SURFACE MARKER:

MARK IS STAMPED -~ STEVENS 1978

AGENCY INSCRIPTION -~ DESCHUTES COUNTY CONTROL SURVEY

THE STATION IS LOCATED ABOUT 2.6 MILES SOUTHEAST OF BEND

ek ek e T W — T W o TR T Y T = i . e S My e . e ol el W M el e S A Bk e S W T T " T ————— T—— T— ——"

TO REACH THE STATION FROM BEND, START AT THE INTERSECTION OF US
HWY 20 (GREENWOOD A4V.) & US HWY 97 (3RD ST.), PROCEED EAST ON HWY
20 FOR 2.04 MI., TURN RIGHT ON SE 27TH STREET & PROCEED SOUTH FOR
1.35 MI., TURN LEFT AT STEVENS ROAD AND PROCEED FOR 0.3 MI. TO

THE STATION ON THE RIGHT.

P — . e . e . k. e g e . R ey . N . P AP s ey e O . o o . ey G Yl . U A . WP M ok P T Yl ey P M i el e e M e g . . e . S T . ey T e i e e By A, e

THE STATION MARK IS A 3 1/2 IN. STANDARD DESCHUTES COUNTY
ALUMINUM DISK GROUTED IN BEDROCK AT GROUND LEVEL.

27.34 FEET SOUTH OF THE SOUTH EDGE OF PAVEMENT OF STEVENS RD.
39.6 FEET WESTERLY OF A POWER POLE.

9.0 FEET SOUTH OF A WITNESS POST,

DESCHUTES COUNTY SURVEYOR'S OFFICE

61150 S.E. 27th St.
Bend, Oregon. 97702
(03} IRI-ATIG5
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K 4 CONTROIL MARK DATA )
NAME OF MARK: BOO9 COUNTY: DESCHUTES
E MARK SET BY: OREGON HIGHWAY DIVISION STATE: OREGON
DATE OF MARK: 1991 COUNTRY: U.S.A. ~
m LOCATION: SECTION 8  TOWNSHIP 18 S.RANGE 12 E.MERIDIAN: WILLAMETTE
REFERENCE NUMBER: NONE e
m MARK DESCRIPTION: MARK SKETCH:
TO REACH THE MARK FROM THE INTERSECTION ;
OF HWY. 97 (3 RD STREET) & HWY. 20 Q
(GREENWOOD AVE.) PROCEED SOUTH ON HWY. < i
: 97 FOR 2.44 MI. TO THE ROAD INTO COAST J
TO COAST STORE, TURN RIGHT & PROCEED N
WEST FOR 0.19 MI. TO THE MARK ON THE ~ | — xR —
LEFT. Lo NI .
= -
E 2 c‘;\&?‘r :
THE MARK ¥S A STANDARD OREGON STATE 4 W -’—‘-‘_’,_‘?""_
HIGHWAY REFERENCE BRASS CAP MARKED "GPS B N e
| B009" GROUTED INTO THE TOP OF THE SOUTH W s e n = Qe
“ CURB. N : s R ROSD
: ) 59 ‘)
X A
: 149.7 FT. NE FROM A 15" FIR TREE. N ! ¢ s
E 69.5 FT. SE FROM A YARD LIGHT POLE. P ¢ %
. { STV
K
E DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1991-1992
FIELD METHOD:GPS FIELD EQUIPMENT: TRIMBLE 4000ST ADJUSTED WITH: TRIMNET PLUS
m DATUM: HORIZONTAL= NAD (83-91}) CENTRAL MERIDIAN: W 121°17'00.000000"
E VERTICAL= NGVD 29 ' LATITUDE OF ORIGIN: N 43°00'00.000000*"
COORDINATE SYSTEM: TRANSVERSE MERCATOR  ORIGIN NORTHING: 0.0000 F
ZONE: DESCHUTES COUNTY ORIGIN EASTING: 3,300,000.0000 F
E LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000
E GEODETIC AND MAPPING COORDINATES
ONE SIGMA
E ERROR
) BOO9 Latitude N 44°01'36.926693"
_ Longitude W 121°19°'04.035684"
E Scale Factor 1.000160093814
Convergence -0°01'26.2043"
E Northing(y) 374386.2208 0.007863F
: Easting (x) 3290936.2048 141 0.008004F
Ellipsoid Height 3723.0593 \\q” 0.010448F
E Orthometric Height  3787.1463 0.016355F
Geoid Height -64.0871 0.012583F
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4 CONTROL MARE DATA | )

NAME OF MARK: CB14‘ . oo _ COUNTY: DESCHUTES

MARK SET BY: ppeCHUTES..CO...SURVEYOR.... STATE: _ OREGON

DATE OF MARK: _..les2 COUNTRY: U.S.A.

LOCATION: SECTION 5 TOWNSHIP 18 S. RANGE 33 E. MERIDIAN: WILLAMETTE

REFERENCE NUMBER: pamc 7

MARK SKETCH:

Y N Cae 1ud
Cane. AU Eonabp LEwE)

(.
g
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! Nm e —
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7
DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1992-1993
FIELD METHOD:GPS FIELD EQUIPMENT: TRIMBLE 4000ST ADJUSTED WITH: TRIMNET PLUS
DATUM: HOIZONTAL= NAD (83-91) CENTRAL MERIDIAN: W 121°17°*00.000000"

VERTICAL= NGVD 29 LATUIDE OF ORIGIN: N 43°00°'00.000000"

COORDINATE SYSTEM: TRANSVERSE MERCATOR  ORIGIN NORTHING: 0.0000 F
ZONE: DESCHUTES COUNTY ORIGIN EASTING: 3,300,000.0000 F
LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000

GEODITIC AND MAPPING COORDINATES

MARK: CB1l4 HORIZONTAL ORDER: FIRST

Latititude: 44°03'04.169910" g?ﬁm
Longitude: 121°11'35.654143" ERROR
Northing: 383233.1333 0.011
Easting: 3323691.6213 0.010
Convergences: +0°03'45.5179"
Scale Factor: 1.000160640965
Ellipsoid Height: 3485.0284 0.020
Orthometric Height: 3549.1492 0.032
Geoid Height: -64.1208
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( CONTROIL MARK DATA \
NAME OF MARK: 17123600 COUNTY: DESCHUTES .
MARK SET BY: s 2140... . THOMAS. BLUST.. STATE: OREGON .
DATE OF MARK: o BLOBLOY COUNTRY: U.S.A.

LOCATION: SECTION 36 TOWNSHIP 17 S. RANGE 12 E.
REFERENCE NUMBER: oOCRR 1070

MERIDIAN: WILLAMETTE

MARK SKETCH: ' ; QE !
P ! |
O %i <,
] I
y i f . —< .
! .
L gL
REAR. _ @ (reg.c RD
) o 5
__L,_{ ! g | 2" BRDSS Cae
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DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE

DATE: 1952-1993

FIELD METHOD:GPS FIELD EQUIPMENT: TRIMBLE 4000ST

ADJUSTED WITH: TRIMNET PLUS:

DATUM: HOIZONTAL= NAD (83-91) CENTRAL MERIDIAN: W 121°17'00.000000"
VERTICAL= NGVD 29 LATUIDE OF ORIGIN: N 43°00°00.000000"
COORDINATE SYSTEM: TRANSVERSE MERCATOR  ORIGIN NORTHING: 0.0000 F
ZONE: DESCHUTES COUNTY ORIGIN EASTING: 3,300,000.0000 F
LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000

GEODITIC AND MAPPING COORDINATES

MARK: 17123600 HORIZONTAL ORDER:

Latititude: 44°03'04.661235"
Longitude: 121°14°36.379111"

Northing: 383272.482

Easting: 3310490.6654
Convergence: +0°01'39.8599"

Scale Factor: 1.000160125675
Ellipsoid Height: 3556.5736
Orthometric Height: 3620.7837
Gecid Height: -64.2101

FIRST

ONE
SIGMA
ERROR

0.014-
0.010

0.020
0.032
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NAME OF MARK: 17133300

CONTROL MBRK DATA \

COUNTY: DESCHUTES

MARK SET BY: DESCHUTES COQ. SURVEYOR STATE: OREGON

DATE OF MARK: 02/19/92 COUNTRY: U.S.A.

LOCATION: SECTION 33  TOWNSHIP 17 5. RANGE 13 E. MERIDIAN: WILLAMETTE

REFERENCE NUMBER: OCRR 1116

MARK SKETCH:

Q" Rrpass Cap st/
LAGMS, Raox A7 d‘_‘__
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DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1992-1993
FIELD METHOD:GPS FIELD EQUIPMENT: TRIMBLE 4000ST ADJUSTED WITH: TRIMNET PLUS
DATUM: HOIZONTAL= NAD (83-91) CENTRAL, MERIDIAN: W 121°17°'00.000000"
VERTICAL= NGVD 29 LATUIDE OF ORIGIN: N 43°00°'00.000000"
COORDINATE SYSTEM: TRANSVERSE MERCATOR  ORIGIN NORTHING: 0.0000 F
ZONE: DESCHUTES COUNTY ORIGIN EASTING: 3,300,000.0000 F
LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000

B el e R a2l sl iRl e el RaE .. E R R B N

GEODITIC AND MAPPING COORDINATES

MARK: 17133300 HORIZONTAL ORDER: FIRST

Latititude:  44°03°'04.349272" gﬁﬁun
Longitude: 121°11'00.002865" ERROR
Northing: 383254.3025 0.014
Easting: 3326295.7225 0.013

Convergence: +0°04'10.3065"

Scale Factor: 1.000160789614
Ellipsoid Height: 3509.2531 0.024
Orthometric Height: 3573.3554 0.035

Geoid Height: -64.1022
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CONTROL MARK DATA

!

—

NAME OF MARK: 17133400 COUNTY: DESCHUTES
MARK SET BY: DESCHUTES CO. SURVEYOR“n. STATE: CREGON
DATE OF MARK: 07/2s/91 COUNTRY: U.S.A.
LOCATION: SECTION 3% rownsHip 17 s. rance 13 &, MERIDIAN: WILLAMETTE
REFERENCE NUMBER: ©OCRR 1080 .
i
HARK SKETCH: i P
b | !
CoH |
| 4o |
TR
x- Ad | b
oft |
i1/ !
/ BeAR c R E < eo
H N b /‘ T
N 4 X | "
; S 2 Beass Cap nd
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DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE

DATE: 199241993

FIELD METHOD:GPS FIELD EQUIPMENT: TRIMBLE 4000ST

ADJUSTED WITH: TRIMNET PLUS

DATUM: HOIZONTAL= NAD (83-91)

VERTICAL= NGVD 29
COORDINATE SYSTEM: TRANSVERSE MERCATOR
20NE: DESCHUTES COUNTY

LINERR UNITS:

CENTRAL MERIDIAN:
LATUIDE CF ORIGIN:
ORIGIN NORTHING:

ORIGIN EASTING:

W 121°17°00.000000"

N 43°00°*'00.000000"
0.0000 F

3,300,000.0000 F

e R AR iR iR s el i R e o N . . . . N .

INTERNATIONAL FOOT SCALE RLONG MERIDIAN: 1.000160000000
GEODITIC AﬁD MAPPING COORDINATES
MARK: 17133400 HORIZONTAL ORDER: FIRST
ONE
Latititude:  44°03'04.382507" STGMA
Longitude: 121°09°'47.856087" ERROR
Northing: 383264.7045 0.014
Easting: 3331565.6255 0.015
Convergence: +0°05'00.4704"
Scale Factor: 1.000161137820
Ellipsoid Height: 3500.3743 0.026
Orthometric Height: 3564.4297 0.036
Geoid Height: —64.0553




- | CONTROL MARK DATA )

NAME OF MARK: 17133500 COUNTY: DESCHUTES

MARK SET BY: LS 0687 RICHARD HANKINS STATE: OREGON

- DATE OF MARK: 09/26/69 . COUNTRY: U.S.A. o
ﬁ LOCATION: SECTION 35  TOWNSHIP 17 5. RANGE 13 g, MERIDIAN: WILLAMETTE
REFERENCE NUMBER: cs 4212 B
" LA - D 1. ., f'
6 MARK SKETCH: S5/87 /2 0.7 Faiow K
@' -J/:L£:Ué:£,
" Y
-
e :;7 hY
‘1 ) -~
i BEAR X, @ D - CmoER -
. L
.'P : § e
f N\ Y
1,’ !

e
-
bt

. ..__._‘./
—
I

j
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| |
DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1992-1993
FIELD METHOD:GPS FIELD EQUIPMENT: TRIMBLE 4000ST ADJUSTED WITH: TRIMNET PLUS
DATUM: HOIZONTAL= NAD (83-91) CENTRAL MERIDIAN: W 121°17'00.000000"
_ VERTICAL= NGVD 29 LATUIDE OF ORIGIN: N 43°00'00.000000"
COORDINATE SYSTEM: TRANSVERSE MERCATOR  ORIGIN NORTHING: 0.0000 F
ZONE: DESCHUTES COUNTY ORIGIN EASTING: 3,300,000.0000 F
LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000

GEODITIC AND MAPPING COORDINATES

MARK: 17133500 HORIZONTAL ORDER: FIRST
ted ONE

Latititude: 44°03'04.351778" SIGMA
Longitude: 121°08'35.548275" ERROR
Northing: 383269.9299 0.018
Easting: 3336847.3007 0.018

Convergence: +0°05°'50.7462"

Scale Factor: 1.000161550444
Ellipsoid Height: 3432.8454 0.033
Orthometric Height: 3496.8571 0.041

Geoid Height: -64.0117

B, B, WP, P, 9, P, 8, 8 BB,
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DATE OF MARK:

LOCATION: SECTION 31

CONTROIL, MARK DATA

NAME OF MARK: 17143100 COUNTY:

MARK SET BY: DESCHUTES CO. SURVEYOR

STATE:

DESCHUTES

OREGON

COUNTRY :

U.S.A.

FIELD METHOD: GPS

FIELD EQUIPMENT: TRIMBLE 4000ST

_____________________ WILLAMETTE
REFERENCE NUMBER: OCRR 1190 o
MARK SKETCH:
<—T“ Mo A
~ L~
— Vi :nr" "
(/;77 ﬂﬂ‘ ZQV/?{Z_ AZb'j_ _ .
— - % -]J‘ . \- -
_ 16 . -
\ @ —
2° BzhssChg,} T~ -~
1D J_Edrxj;zaFgr
Gpouvwo Lever. %
DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1992-1993

ADJUSTED WITH: TRIMNET PLUS

DATUM:

ZONE:

COORDINATE SYSTEM: TRANSVERSE MERCATOR

LINEAR UNITS:

HOIZONTAL= NAD (83-91)

VERTICAL= NGVD 29
DESCHUTES COUNTY
INTERNATIONAL FQOT

LATUIDE OF ORIGIN:
ORIGIN NORTHING:
ORIGIN EASTING:
SCALE ALONG MERIDIAN:

CENTRAL MERIDIAN: W 121°17'00.000000"

N 43°0%°00.000000*"
0.0000 F

3,300,000.0000 F

1.000160000000

GEODITIC AND MAPPING COORDINATES

Scale Factor:

Ellipsoid Height:
Orthometric Height:

Geoid Height:

MARK: 17143100 HORIZONTAL ORDER:
Latititude: 44°03'04.235875"
Longitude: 121°06'11.072639"
Northing: 383278.7065
Easting: 3347400.4426
Convergence: +0°07'31.2004"

1.000162565723
3379.9701
3443.9044

-63.9343

FIRST

ONE
SIGMA
ERROR

0.026
0.027

0.057
0.062
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CONTROI, MARK DATA

NAME OF MARK: 18120140 COUNTY: DESCHUTES
MARK SET BY: IS 0540 GEORGE COOK STAIE: OREGON
DATE OF MARK: 1966 COUNTRY: U.S.A.
LOCATION: SECTION_m“E;m TOWNSHIP 18 S. RANGE 12 E. MERIDIAN: WILLAMETTE
REFERENCE NUMBER: OCRR 1176
MARK SKETCH:
¥

Zz"Beass Caro i/
Aldors. [BoOx

Docrns Ao’

FIELD METHOD: GPS

g STEVEAS 120 l?_” 4 1a/nen L4
e A - £
e AM"? I P o W
\ |
x
ib
DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1993

FIELD EQUIPMENT:

TRIMBLE 4000ST

ADJUSTED WITH: TRIMNET PLUS

DATUM:

HOIZONTAL=

VERTICAL=

NAD (83-91)
NGVD 29

CENTRAL MERIDIAN:

LATUIDE OF

W 121°17'00.000000"

ORIGIN: N 43°00'00.000000"

TRANSVERSE MERCATOR

ORIGIN NORTHING: 0.0000 F

COORDINATE SYSTEM:
ZONE: DESCHUTES COUNTY

ORIGIN EASTING:

3,300,000.0000 F

LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000
GEQDITIC AND MAPPING COORDINATES
MARK: 18120100 HORIZONTAL ORDER: FIRST
. ONE
Latitude: 44°02'12.782214" SIGMA
Longitude: 121°14'36.977818" ERROR
Northing: 378018.231 0.010
Easting: 3310449.4662 0.010
Convergence: +0°01'39.4178"
Scale Factor: 1.000160124691
Ellipsoid Height: 3629.1717 0.016
Orthometric Height: 3693.2693 0.017
Geoid Height: -64.0976
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CONTROL MARK DATA

NAME OF MARK: 18120104 COUNTY: DESCHUTES
MARK SET BY: L5 0540 GEQRGE_COOK STATE: _ OREGON

DATE OF MARK: 1973 COUNTRY: U.S.A. ‘ A
LOCATION: SECTION 1 TOWNSHIP 18 S. RANGE 12 E. MERIDIAN: WILLAMETTE

REFERENCE NUMBER: OCRR 1173

MARK SKETCH:

VAR D

P

\\“\
==
»

PastTovii

D

2" teass Ca

( P
a
I Moay BO ;
5 t
bl
D | |
DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1993

FIELD METHOD: GPS FIELD EQUIPMENT: TRIMBLE 4000ST

ADJUSTED WITH: TRIMNET PLUS

r

HOIZONTAL= CENTRAL MERIDIAN:

DATUM: NAD (83-91)

VERTICAL= NGVD 29 LATUIDE OF ORIGIN:

COORDINATE SYSTEM: TRANSVERSE MERCRTOR ORIGIN NORTHING:

ZONE: DESCHUTES COUNTY ORIGIN EASTING:

LINEAR UNITS: INTERNATICONAL FOOT

SCALE ALONG MERIDIAN:

W 121°17'00.000000"

N 43°00'00.000000"
0.0000 F

3,300,000.0000 F

1.000160000000

GEODITIC AND MAPPING COORDINATES

MARK: 18120104 HORIZONTAL ORDER: FIRST

Latitude: 44°02'12.411575"

Longitude: 121°14'01.180352"

Northing: 377982.1117

Easting: 3313064.9182
Convergence: +0°02'04.3011"

Scale Factor: 1.000160194921

Ellipsoid Height: 3650.6305
Orthometric Height: 3714.7121
Geoid Height: -64.0816

ONE
SIGMA
ERROR

0.007
C.007

0.014
G.016
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CONTROI. MARK DATA

COUNTY :

NAME OF MARK: 18120140

MARK SET BY: 15 2140 __ THOMAS. FE..BLUST

DATE OF MARK: 1991

STATE:

DESCHUTES

OREGON

COUNTRY:

LOCATION: SECTION 1

TOWNSHIP 18 S.

RANGE 12 E.

U.S5.B8.

MERIDIAN: WILLAMETTE

REFERENCE NUMBER: OCRR 1071
MARK SKETCH:
= P
i T T,
1 34 Aruns Cao
J: 3 -
- @ i Mo Box
- ‘? - Davors OS
L i

\

.
{
{
1

-,

DATA COMPUTED BY:

DESCHUTES COUNTY SURVEYOR'S OFFICE

DATE: 1993

FIELD METHOD: GPS

FIELD EQUIPMENT: TRIMBLE 4000ST

ADJUSTED WITH: TRIMNET PLUS

S

DATUM: CENTRAL MERIDIAN: W 121°17'00.000000"

BHOIZONTAL= NAD (83-91)
LATUIDE OF ORIGIN: N 43°00°'00.000000"

0.0000 F

VERTICAL= NGVD 29

COORDINATE SYSTEM:

ZONE: DESCHUTES COUNTY

TRANSVERSE MERCATOR

ORIGIN NORTHING:

ORIGIN EASTING:

3,300,000.0000 F

LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000
GEODITIC AND MAPPING COORDINATES
MARK: 18120140 HORIZONTAL ORDER: FIRST
3 L) " ONE

Latitude: 44°02'38.974672 STGMA
Longitude: 121°14'36.675385" ERROR
Northing: 380670.973 0.008
Easting: 3310470.2811 0.008

Convergence: +0°01'39.6411"

Scale Factor: 1.000160125188
Ellipsoid Height: 3596.6555 0.014
Orthometric Height: 3660.808% 0.015

Geoid Height: -64.1535
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NAME OF MARK: 18120200

MARK SET BY: 1,5 1081 JEFFERY KERN STATE:

CONTROL MARK DATA

COUNTY:

DESCHUTES

OREGON

REFERENCE NUMBER: CSs 3901

COUNTRY: U.S.A.

TOWNSHIP 18 S. RANGE 12 E. MERIDIAN: WILLAMETTE

MARK SKETCH:

::;7 - - _ |

\ {

’/""ﬁ
. 2" Beass Cao
I 1AL MoOns, [Sox

l i IBOLUILJ dﬂnif'ﬂ:77

DATA COMPUTED BY: DESCHUTES COUNTY SURVEYQR'S OFFICE

DATE: 1993

FIELD METHOD: GPS FIELD EQUIPMENT: TRIMBLE 4000ST

ADJUSTED WITH: TRIMNET PLUS

DATUM: HOIZONTAL= NAD (83-91)
VERTICAL= NGVD 29

COORDINATE SYSTEM: TRANSVERSE MERCATOR

ZONE: DESCHUTES COUNTY

LINEAR URITS: INTERNATIONAL FOOT SCALE ALONG

ORIGIN NORTHING:
ORIGIN EASTING:

CENTRAL MERIDIAN: W 121°17'00.000000"
LATUIDE OF ORIGIN: N 43°00'00.000000"

0.0000 F
3,300,000.0000 F

MERIDIAN: 1.000160000000

GEODITIC AND MAPPING COORDINATES

MARK: 18120200 HORIZONTAL ORDER:

Latitude: 44°02'13.304067"
Longitude: 121°15'49.236680"

Northing: 378069.1815
Easting: 3305170.087
Convergence: +0°00'49.1892"

Scale Fadtor:

Ellipsoid Height:
Orthometric Height:
Geoid Height:

1.000160030524

SECOND

ONE
SIGMA
ERROR

0.011
0.017
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- CONTROL MARK DATA )
NAME OF MARK: 18120204 COUNTY: DESCHUTES
MARK SET BY: {18 2208 GARY DEJARNATT STATE: OREGON
DATE OF MARK: 1988 COUNTRY: U.S.A.
LOCATION: SECTION- 2 TOWNSHIP 18 S§. RANGE 12 E. MERIDIAN: WILLAMETTE
REFERENCE NUMBER: OCRR 0741
MARK SKETCH: I
4
‘ |
® e T
7 \——Lic‘
e
—STENENSS ™ PesAD
.‘\\ & Pl
\\ .P 1} P
\‘ ég'f‘% AL&M.-Q&.? ind
Conic., 2 FT. S. d;g_
DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1993
FIELD METHOD:GPS FIELD EQUIPMENT: TRIMBLE 4000ST ADJUSTED WITH: TRIMNET PLUS
DATUM: HOIZONTAL= NAD (83-91) CENTRAL MERIDIAN: W 121°17°'00.000000"
VERTICAL= NGVD 29 LATUIDE OF ORIGIN: N 43°C0'00.000000"
COORDINATE SYSTEM: TRANSVERSE MERCATOR ORIGIN NORTHING: 0.0000 F
ZONE: DESCHUTES COUNTY ORIGIN EASTING: 3,300,000.0000 F
LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000
GEODITIC AND MAPPING COORDINATES
MARK: 18120204 HORIZONTAL ORDER: FIRST
. ; ] " ONE
Latitude:  44°02'13.043248 STGMA
Longitude: 121°15°13.111475" ERROR
Northing: 378043.5563 0.007
Easting: 3307809.4646 0.007
Convergence: +0°01'14.3006"
Scale Factor: 1.000160069645
Ellipsoid Height: 3633.3334 0.011
Orthometric Height: 3697.4442 0.012
Geoid Height: ~-64.1108
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' CONTROL, MARK DATA \
NAME OF MARK: 18120240 COUNTY: DESCHUTES
MARK SET BY: DESCHUTES CO._ PUBLIC WORKS STATE: _OREGON
DATE OF MARK: N/A COUNTRY: U.S.A.

LOCATION: SECTION 2 TOWNSHIP 18 §. RANGE 12 E. MERIDIAN: WILLAMETTE
REFERENCE NUMBER: N/A

MARK SKETCH:

A H
N Mo, Bas Q \ler
A\l
/7 Powss OSSN RI A
1o WwaesT d \ A
e R @ o
\ (AN
X N
J N
¥
\ | | 4
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DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1993
FIELD METHOD:GPS FIELD EQUIPMENT: TRIMBLE 4000ST ADJUSTED WITH: TRIMNET PLUS
DATUM: HOIZONTAL= NaD (83-91) CENTRAL MERIDIAN: W 121°17°00.000000"
VERTICAL= NGVD 29 LLTUIDE OF ORIGIN: N 43°00°'00.000000"
COORDINATE SYSTEM: TRANSVERSE MERCATOR  ORIGIN NORTHING: 0.0000 F

ZONE: DESCHUTES COUNTY
LINEAR UNITS:

ORIGIN EASTING: 3,300,000.0000 F

INTERNATIONAL FQQT SCALE ALONG MERIDIAN: 1.000160000000

MARK:

GEODITIC AND MAPPING COORDINATES

18120240 HORIZONTAL ORDER: SECOND
Latitude: 44°02739.394839" gggMA
Longitude: 121°15'49.002248" ERROR
Northing: 380711.61886 0.015
Easting: 3305186.5829 0.012
Convergence: +0°00'49.3586"
Scale Factor: 1.00016003071%9

Ellipscid Height:
Orthometric Height:
Geoid Height:
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- [ CONTROL MAREK DATA \
- NAME OF MARK: 18120300 COUNTY: DESCHUTES
] MARK SET BY: 1s 1081 JEFFERY KERN_ STATE: OREGON
- DATE OF MARK: 1989 COUNTRY: U.S.A.
- LOCATION: SECTION 3 TOWNSHIP 18 S. RANGE 12 E. MERIDIAN: WILLAMETTE
REFERENCE NUMBER: cs N/A
L
- MARK SKETCH: - /7" 20
- \\| {\  EESeT 1988
- | " Atuma (P
v 16d Conag. Bovo Level
- ‘ < S0 — - 0%
) . . . cwe g 4
- r N4 : |
- 12263200 4
~ [‘ . . ) :
' Renss Cae !,] |
L] .
vid Coorsc. : ~ :
- \ D (uueEC o
[ ]
- |
[ ]
- DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1993
- FIELD METHOD:GPS FIELD EQUIPMENT: TRIMBLE 4000ST ADJUSTED WITH: TRIMNET PLUS
-
DATUM: HOIZONTAL= NAD (83-91) CENTRAL, MERIDIAN: W 121°17'00.000000"
- VERTICAL= NGVD 29 LATUIDE OF ORIGIN: N 43°00'00.000000"
= COORDINATE SYSTEM: TRANSVERSE MERCATOR ORIGIN NORTHING: 0.0000 F
- ZONE: DESCHUTES COUNTY ORIGIN EASTING: 3,300,000.0000 F
- LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000
- GEODITIC AND MAPPING COORDINATES
[
MARK: 18120300 HORIZONTAL ORDER: SECOND
L]
Latitude: 44°027'12.987912" ONE
- : . SIGMA
Longitude: 121°17'01.423873" ERROR
L 2
Northing: 378036.5457 0.010
- .
Easting: 3299895.9693 0.015
— Convergence: -0°00'00.9898"
- Scale Factor: 1.000160000012
Ellipsoid Height:
L
Orthometric Height:
- Geoid Height:
-
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CONTROL MAREK DATA

COORDINATE SYSTEM:

NAME OF MARK: 18120304 COUNTY: DESCHUTES
MARK SET BY: DESCHUTES CO. PUBLIC WORKS STATE: OREGON
DATE OF MARK: N/A COUNTRY: U.S.A.
LOCATION: SECTION 3  TOWNSHIP 18 5, RANGE 12 E. MERIDIAN: WILLAMETTE
REFERENCE NUMBER: N/A
MARK SKETCH: |
>
PR S s
49
r _ PEED _MET Zoan
®
. ,,;ﬁ’,
)
N —_— - o
. nt
*\J Z/&‘Bzmss(fﬁp
N Mond. Box
DOL-JJ\J O|4
DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1993
FIELD METHOD:GPS FIELD EQUIPMENT: TRIMBLE 4000ST ADJUSTED WITH: TRIMNET PLUS
DATUM: HOIZONTAL= NAD (83-91) CENTRAL MERIDIAN: W 121°17°'00Q.000000"
VERTICAL= NGVD 29 LATUIDE OF ORIGIN: N 43°00'00.000000"

0.0000 F

TRANSVERSE MERCATOR ORIGIN NORTHING:

ORIGIN EASTING: 3,300,000.0000 F

ZONE: DESCHUTES COUNTY
LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000
GEODITIC AND MAPPING COCORDINATES
MARK: 18120304 HORIZONTAIL ORDER: SECOND
. , “ ONE
Latitude: 44°027'13.579861 STIGMA
Longitude: 121°16'25.557762" ERROR
Northing: 378096.6431 0.01%
Easting: 3302516.4045 0.020
Convergence: +0°00'23.9416"
Scale Factor: 1.000160007231

Ellipsoid Height:
Orthometric Height:
Gecid Height:
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a CONTROI MARK DATA
NAME OF MARK: 18120340 COUNTY: DESCHUTES
MARK SET BY: 1S 2070 GEORGE HBARTMAN STATE: OREGON
DATE OF MARK: 1989 COUNTRY: U.S.A.

LOCATION: SECTION

REFERENCE NUMBER: cs 3657

3 TOWNSHIP 18 S. RANGE 12 E. MERIDIAN: WILLAMETTE

MARK SKETCH:

s7.

—
[ 7

l/" 3[/4"ﬂl.um. CA,D

Pona LEVvEL

DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE

FIELD METHOD: GPS FIELD EQUIPMENT: TRIMBLE 4000ST

ADJUSTED WITH: TRIMNET PLUS

DATE: 1993

DATUM: HOIZONTAL= NAD (83-91)

VERTICAL= NGVD 29 LATUIDE OF ORIGIN:

COORDINATE SYSTEM: TRANSVERSE MERCATOR ORIGIN NORTHIKG:

ZONE: DESCHUTES COUNTY ORIGIN EASTING:

CENTRAL MERIDIAN: W 121°17'00.000000"

N 43°00'00.000000"
0.0000 F

3,300,000.0000 F

LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000
GEODITIC AND MAPPING COORDINATES
MARK: 18120340 HORIZONTARL ORDER: FIRST
. . " ONE
Latitude:  44°02739.029110 STGMA
Longitude: 121°17'01.598487" ERROR
Northing: 380673.9578 0.017
Easting: 3299883.2259 0.016
Convergence: -0°00'01.1113"
Scale Factor: 1.000160000016
Ellipsoid Height: 3639.1855 0.031
Orthometric Height: 3703.4104 0.032
Gecid Height: -64,2249
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: CONTROL MARK DATA N
- NAME OF MARK: 18121000 COUNTY: DESCHUTES
L MARK SET BY: 18 1031 __ W. C. KAUFFMAN STATE: OREGON
- DATE OF MARK: 1981 COUNTRY: U.S.A.
™ LOCATION: SECTION 10 TOWNSHIP 18 S. RANGE 12 E. MERIDIAN: WILLAMETTE
REFERENCE NUMBER: OCRR 0411
-
- MARK SKETCH:
- N
i Q T e ;
- — f'\&a A, | /
- I.i
L] /
-
il
- AR T RarD -pl’?E. \ .
" 143 Coadec. A'sd 4 E-
- \ ey ! Bireows @ OF GAud EA!L_
] ' Far R - PP S ¥ i !
' Moo ROX i |
-
- DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1993
- FIELD METHOD:GPS FIELD EQUIPMENT: TRIMBLE 4000ST ADJUSTED WITH: TRIMNET PLUS
DATUM: HOIZONTAL= NAD (83-91) CENTRAL MERIDIAN: W 121°17'00.000000"
- VERTICAL= NGVD 29 LATUIDE OF ORIGIN: N 43°00'00.000000"
-
COORDINATE SYSTEM: TRANSVERSE MERCATOR  ORIGIN NORTHING: 0.0000 F
- ZONE: DESCHUTES COUNTY ORIGIN EARSTING: 3,300,000.0000 F
i LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000
[}
- GEODITIC AND MAPPING COORDINATES
MARK: 18121000 HORIZONTAL ORDER: FIRST
[ 3
- Latitude: 44°01'20.859699" g?gm
- Longitude: 121°17°02.840025" ERROR
- Northing: 372757.0921 0.007
Easting: 3299792.4522 0.007
o Convergence: -0°00'01.9736"
- Scale Factor: 1.000160000049
— Ellipsoid Height: 3654.1208 0.012
Orthometric Height: 3718.1609 0.014
Geocid Height: -64.0401
- \_ /
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- CONTROL MARK DATA )
NAME OF MARK: 18121004 COUNTY: DESCHUTES
MARK SET BY: 15 0540 __ GEORGE COOK STATE: OREGON
DATE OF MARK: 1976 COUNTRY: U.S.A.

LOCATION: SECTION 10 TOWNSHIP 18 S. RANGE 12 E.

REFERENCE NUMBER: CSs 3889

MERIDIAN: WILLAMETTE

MARK SKETCH:

L

e

JZkDLLJAHJ

20" Rpass Cap
ml MaoA), BoX

o8 F7

DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE

DATE: 1993

FIELD METHOD: GPS FIELD EQUIPMENT: TRIMBLE 4000ST

ADJUSTED WITH: TRIMNET PLUS

DATUM: HOIZONTAL= NAD (83-91)

VERTICAL= NGVD 29
COORDINATE SYSTEM: TRANSVERSE MERCATOR
ZONE: DESCHUTES COUNTY

LINEAR UNITS: INTERNATIONAL FOOT

CENTRAL MERIDIAN: W 121°17'00.000000"
LATUIDE OF ORIGIN: N 43°00'00.000000"
ORIGIN NORTHING:
ORIGIN EASTING:
SCALE ALONG MERIDIAN: 1.000160000000

0.0000 F
3,300,000.0000 F

GEODITIC AND MAPPING COORDINATES

MARK: 18121004

Latitude: 44°01°'21.200859"
Longitude: 121°16'26.117651"
Northing: 372791.7845

Easting: 3302476.1038
Convergence: +0°00'23.5463"

Scale Factor: 1.000160007001
Ellipsoid Height: 3665.7788
Orthometric Height: 3729.8096
-64.0308

Geoid Height:

HORIZONTAL ORDER: FIRST

ONE
SIGMA
ERROR

0.014
0.014

0.026
0.027
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~ CONTROL MARK DATA h
NAME OF MARK: 18121040 COUNTY: DESCHUTES
MARK SET BY: 1,5 1081 JEFFERY_KERN _ STATE: OREGON
DATE OF MARK: 1989 ' COUNTRY: U.S.A.

LOCATION: SECTION 10 TOWNSHIP 18 5. RANGE &%mg; MERIDIAN: WILLAMETTE
REFERENCE NUMBER: cs N/A

MARK SKETCH:

= i }\\4
-
/ J f// 2 /2 Baass Cap
é ® 1 xd Msw. Bax
o
I
\ ;m b]
\ s
N !
! :
{
DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1993
FIELD METHOD:GPS FIELD EQUIPMENT: TRIMBLE 4000ST ADJUSTED WITH: TRIMNET PLUS
DATUM: HOIZONTAL= NAD (83-91) CENTRAL MERIDIAN: W 121°17‘'00.000000"

' VERTICAL= NGVD 29 LATUIDE OF ORIGIN: N 43°00'00.000000"
COORDINATE SYSTEM: TRANSVERSE MERCATOR  ORIGIN NORTHING: 0.0000 ¥
ZONE: DESCHUTES COUNTY ORIGIN EASTING: 3,300,000.0000 F
LINEAR UNITS: INTERNATIONAL FQOT SCALE ALONG MERIDIAN: 1.000160000000

GEODITIC AND MAPPING COORDINATES

MARK: 18121040 HEORIZONTAL ORDER: FIRST

Latitude:  44°01°46.888155" g?ﬁMA
Longitude: 121°17'01.928985" ERROR
Northing: 375393.2065 0.017
Easting: 3295859.0477 0.016

Convergence: -0°00'01.3407"

Scale Factor: 1.000160000023 .
Ellipsoid Height: 3645.8291 0.033
Orthometric Height: 3709.9335 0.034

Geoid Height: -64.1044
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NAME OF MARK: 18121100

MARK SET BY: 153

DATE OF MARK:

CONTROIL MARK DATA X
COUNTY: DESCHUTES
1031 W. C. KARUFFMBN STATE: OREGON
1984 COUNTRY : U.S5.A.

LOCATION: SECTION 11

- =

27" Beass Cap Y )
\ KD Corde. N

Moard.
Dowra) 3.0 FT

REFERENCE NUMBER: cs 3886
MARK SKETCH:
’ .
%
;7' =
y v

A
FERGUSON D ™
_ D —e

i
Box | |
I

DATA COMPUTED BY:

DESCHUTES COUNTY SURVEYQR'S OFFICE DATE: 1993

FIELD METHOD: GPS

FIELD EQUIPMENT: TRIMBLE 4000ST ADJUSTED WITH: TRIMNET PLUS

DATUM: HOIZONTAL=
VERTICAL=

COORDINATE SYSTEM:

ZONE: DESCHUTES COUNTY

NAD (83-91) CENTRAL MERIDIAN: W 121°17'00.000000"

LATUIDE OF ORIGIN: R 43°00'00.000000"
0.0000 F

NGVD 29

TRANSVERSE MERCATOR ORIGIN NORTHING:

ORIGIN EASTING: 3,300,000.0000 ¥

LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000
GEODITIC AND MAPPING COORDINATES
MARK: 18121100 HORIZONTAL ORDER: FIRST
. , . ONE
Latitude:  44°01'20.996350 STGMA
Longitude: 121°15°'50.133594" ERROR
Northing: 372771.5318- 0.011
Easting: 3305105.804 0.010
Convergences: +0°00'48.5530"
Scale Factor: 1.000160029770
Ellipsoid Height: 3651.3786 0.018
Orthometric Height: 3715.4045 0.019
Geoid Height: -64.026
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CONTROI MARK DATA

NAME OF MARK: 18121104 COUNTY: DESCHUTES
MARK SET BY: 1s 0980 ED GRAVES STATE: OREGON
DATE OF MARK: 1978 COUNTRY: U.S.A.
LOCATION: SECTION 11 TOWNSHIP 18 S. RANGE 12 E. MERIDIAN: WILLAMETTE
REFERENCE NUMBER: OCRR 0960
MARK SKETCH: /_577
)
/
Q’)‘TU
L~ 2" Beass Cap
(/ /B///fliw/ C:C?A—IC:.
?5* M E ED Poap
A e o + - _ -
T e
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DATA COMPUTED BY:

DESCHUTES COUNTY SURVEYOR'S OFFICE

DATE: 1993

FIELD METHOD: GPS

FIELD EQUIPMENT: TRIMBLE 4000ST

ADJUSTED WITH: TRIMNET PLUS

W 121°17'00.000000"

DATUM: HOIZONTAL=
VERIICAL=

COORDINATE SYSTEM:

ZONE: DESCHUTES COUNTY

NAD (£83-91) CENTRAL MERIDIAN:

" NGVD 29 LATUIDE OF ORIGIN:
TRANSVERSE MERCATOR  ORIGIN NORTHING:

ORIGIN EASTING:

N 43°00'00.000000"
0.0000 F

3,300,000.0000 F

LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000
GEQODITIC AND MAPPING COORDINATES
MARK: 18121104 HORIZONTAL ORDER: FIRST
. , W ONE
.Latitude: 44°01'20.808268 SIGMA
Longitude: 121°157'13.850467" ERROR
Northing: 372753.2695 0.008
Easting: 3307757.3648 0.008
Convergence! +0°01'13.7676"
" Scale Factor: 1.000160068719
Ellipsoid Height: 3641.7287 0.016
Orthometric Height: 3705.7402 0.017
Geoid Height: -64.0115
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. CONTROL MAREK DATA

NAME OF MARK: 18121140 COUNTY: DESCHUTES
MARK SET BY: 15 1081 _JEFFERY _KERN _ STATE: OREGON
DATE OF MARK: 1976 COUNTRY: U.S.A.
LOCATION: SECTION 11 TOWNSHIP 18 S. RANGE 12 E. MERIDIAN: WILLAMETTE
REFERENCE NUMBER: cs 3901
MARK SKETCH: |
2 " Beass Cap |
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DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1993

FIELD METHOD: GPS

FIELD EQUIPMENT: TRIMBLE 4000ST ADJUSTED WITH: TRIMNET PLUS

DATUM: HOIZONTAL=
VERTICAL=

COORDINATE SYSTEM:

CENTRAL MERIDIAN: W 121°17'00.000000"

N 43°00°'00.000000"
0.0000 F

NAD (83-91)

NGVD 29 LATUIDE OF ORIGIN:

TRANSVERSE MERCATOR ORIGIN NORTHING:

ORIGIN EASTING: 3,300,000.0000 F

ZONE: DESCHUTES COUNTY
LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000
GEODITIC AND MAPPING COORDINATES
MARK: 18121140 HORIZONTAL ORDER: FIRST
. . . ONE
Latitude: 44°01'47.150276 SIGMA
Longitude: 121°15'49,687083" ERROR
Northing: 375420.3618 0.009
Easting: 3305137.8074 0.009
Convergence: +0°00'48.8697"
Scale Factor: . 1.000160030144
Ellipsoid Height: 3641.4676 0.017
Orthometric Height: 3705.543 0.018
Geoid Height: -64.0754
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- a CONTROL MARK DATA )
L) NAME OF MARK: 18121200 COUNTY: DESCHUTES i
- MARK SET BY: 1S 1031 W, C. KAUFEMAN STATE: OREGON
- DATE OF MARK: 1991 COUNTRY: U.S.A.
- LOCATION: SECTION 12 TOWNSHIP 18 S. RANGE 12 E. MERIDIAN: WILLAMETTE
REFERENCE NUMBER: OCRR 1177
-
- MARK SKETCH: ’ !
- o ’
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- DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1993
- FIELD METHOD:GPS FIELD EQUIPMENT: TRIMBLE 4000ST ADJUSTED WITH: TRIMNET PLUS
-
DATUM: HOIZONTAL= NAD (83-91) CENTRAL MERIDIAN: W 121°17°00.000000"
- VERTICAL=  NGVD 29 ' LATUIDE OF ORIGIN: N 43°00'00.000000"
= COORDINATE SYSTEM: TRANSVERSE MERCATOR ORIGIN NORTHING: 0.0000 F
- ZONE: DESCHUTES COUNTY ORIGIN EASTING: 3,300,000.0000 F
- LINERR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000
L]
GEODITIC AND MAPPING COORDINATES
-
MARK: 18121200 HORIZONTAL ORDER: FIRST
L}
ONE
Longitude: 121°14'37.558408" ERROR
L]
Northing: 372735.3266 0.011
-
Easting: 3310409.5828 0.011
- . Convergence: +0°01'38.9883"
-t Scale Factor: 1.000160123741
- Ellipsoid Height: 3628.0169 0.021
Orthometric Height: 3692.0098 0.022
- Geoid Height: ~63.9929
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4 CONTROL MARK DATA )
NAME OF MARK: 18121204 COUNTY: DESCHUTES
MARK SET BY: 1§ 2033 __ MICHAEL, TOMPKINS STATE: OREGON
DATE OF MARK: 1988 COUNTRY: U.S.A.
LOCATION: SECTION 12 TOWNSHIP 18 S. RANGE 12 E. MERIDIAN: WILLAMETTE
REFERENCE NUMBER: OCRR 1174
MARK SKETCH:
1% Q
Y
, N <
1 [
7 3l Alurma CAP?'
/ IN Cone. | | >@
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DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1993
FIELD METHOD:GPS FIELD EQUIPMENT: TRIMBLE 4000ST ADJUSTED WITH: TRIMNET PLUS
DATUM: HOIZONTAL= NAD (83-91) CENTRAL MERIDIAN: W 121°17°'00.000000"
VERTICAL= NGVD 29 LATUIDE OF ORIGIN: N 43°00'00.000000"
COORDINATE SYSTEM: TRANSVERSE MERCATOR  ORIGIN NORTHING: 0.0000 F
ZONE: DESCHUTES COUNTY ORIGIN ERSTING: 3,300,000.0000 F
LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000
GEODITIC AND MAPPING COORDINATES
MARK: 18121204 HORIZONTAL ORDER: FIRST
\ , . ONE
Latitude:  44°01'20.169348 SIGMA
Longitude: 121°14'01.790555" ERROR
Northings 372691.0834 0.013
Easting: 3313023.5127 0.013
Convergence: +0°02'03.8445"
Scale Factor: 1.000160193688
Ellipsoid Height: 3696.7215 0.024
Orthometric Height: 3760.6975 0.025%
Geoid Height: -63.976
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NAME OF MARK: 18121240

CONTROL MARK DATA

COUNTY: DESCHUTES

MARK SET BY: 185 0454

DATE OF MARK: 1966

GENE _HAWTHORNE

STATE: OREGON

COUNTRY: U.S.A.

LOCATION: SECTION i2

TOWNSHIP 18 S. RANGE 12 E. MERIDIAN: WILLAMETTE

REFERENCE NUMBER: OCRR 1178
MARK SKETCH: |
|
.
(31
03T
2 v N
/1 1/2 1600 2OD
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DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1993

FIELD METHOD: GPS

FIELD EQUIPMENT: TRIMBLE 4000ST

ADJUSTED WITH: TRIMNET PLUS

DATUM: HOIZONTAL= NAD (83-91)

VERTICAL= NGVD 29

COORDINATE SYSTEM: TRANSVERSE MERCATOR

ZONE: DESCHUTES COUNTY
LINEAR UNITS: INTERNATIONAL FOOT

CENTRAL MERIDIAN: W 121°17'00.000000"

LATUIDE OF ORIGIN: N 43°00'00.000020"
0.0000 F

3,300,000.0000 F

ORIGIN RORTHING:
ORIGIN EASTING:
SCALE ALONG MERIDIAN: 1.000160000000

GEODITIC AND MAPPING COORDINATES

MARK: 18121240

Latitude:
Longitude:
Northing:

Easting:
Convergence:

Scale Factor:
Ellipscoid Height:
Orthometric Height:
Geoid Height:

HORIZONTAL ORDER: FIRST

ONE

44°01'46.730277" STGMA

121°14'37.050881" ERROR

375379.7321 0.009

3310445.399 0.009
+0°01'39.3540"
1.000160124594

3619.4267 0.018

3683.4707 0.019
-64.044
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/’_ CONTROL MARK DATA )
NAME OF MARK: 18121300 COUNTY: DESCHUTES
MARK SET BY: LS 1081 JEFFERY KERN STATE: OREGON
DATE OF MARK: 1979 COUNTRY: U.S.A.

LOCATION: SECTION _ 13 rownsHIP 18s. RanGE 12 E. MERIDIAN: WILLAMETTE

REFERENCE NUMBER: DGMC 1

MARK SKETCH:

/5/2 /300D I
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DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1993
FIELD METHOD:GPS FIELD EQUIPMENT: TRIMBLE 4000ST ADJUSTED WITH: TRIMNET PLUS
DATUM: HOIZONTAL= NAD (83-91) CENTRAL MERIDIAN: W 121°17'00.000000"
VERTICAL= NGVD 29 LATUIDE OF ORIGIN: N 43°00'00.000000"

COORDINATE SYSTEM: TRANSVERSE MERCATOR  ORIGIN NORTHING: 0.0000 F
ZONE: DESCHUTES COUNTY ORIGIN EASTING: 3,300,000.0000 F
LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000

GEODITIC AND MAPPING COORDINATES

MARK: 18121300 HORIZONTAL ORDER: SECOND
Latitude:  44°00'27.990404" ‘S”gﬁm
Longitude: 121°14'37.438546" ERROR
Northing: 367405.0971 0.010
Easting: 3310420.9021 0.016
Convergence: +0°01'39.0454"
Scale Factor: 1.000160124011
Ellipsoid Height: 3647.5969 0.019
Orthometric Height: 3711.4608 0.021
Gecid Height: -63.864
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NAME OF MARK:

MARK SET BY: CROOK CO. SURVEYOR

DATE OF MARK:

LOCATION: SECTION

REFERENCE NUMBER:

CONTROL MAREK DATA ‘\
18121340 COUNTY: DESCHUTES
STATE: OREGON
1910 COUNTRY: U.S.A.
_;Ei_ TOWNSHIP _fi_i; RANGE EE_E; MERIDIAN: WILLAMETTE

cs 3949

MARK SKETCH:
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DATA COMPUTED BY:

DESCHUTES COUNTY SURVEYQR'S OFFICE DATE: 1993

FIELD METHOD:GPS

FIELD EQUIPMENT: TRIMBLE 4000ST ADJUSTED WITH: TRIMNET PLUS

DATUM: HOIZONTAL=
VERTICAL=
COORDINATE SYSTEM:

ZONE: DESCHUTES COUNTY
LINEAR UNITS: INTERNATIONAL FOOT

NAD (83-91) CENTRAL MERIDIAN: W 121°17'00.000000"

LATUIDE OF ORIGIN: N 43°00°00.000000"
0.0000 F

NGVD 25

TRANSVERSE MERCATCR ORIGIN NORTHING:

ORIGIN EASTING: 3,300,000.0000 F

SCALE ALONG MERIDIAN: 1.000160000000

MARK: 18121340

GEODITIC AND MAPPING COORDINATES

HORIZONTAL ORDER: FIRST

Latitude:  44°00'54.537800" §§§MA
Longitude: 121°14'37.656364" ERROR
Northing: 370093.7548 0.013
Easting: 3310403.6909 0.013
Convergence: +0°01'38.9073"
Scale Factor: 1.000160123601
Ellipsoid Height: 3648.9922 0.022
Orthometric Height: 3712.9242 0.024
Geoid Height: -63.932
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CONTROL MAREK DATA

NAME OF MARK: 18121400 COUNTY: DESCHUTES
MARRK SET BY: LS 1031 W. C. KAUFFMAN STATE: OREGON
DATE OF MARK: 1987 COUNTRY: U.S.A.
LOCATION: sEcTION % rtownsuip '8 s. manee 2 E. MERIDIAN: WILLAMETTE
REFERENCE NUMBER: OCRR 0088
MARK SKETCH: /&8 /2 /4708
37 “Aewm £ B 37 / & /
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DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1993

FIELD METHOD: GPS

FIELD EQUIPMENT: TRIMBLE 4000ST

ADJUSTED WITH: TRIMNET PLUS

DATUM: HOIZONTAL=
VERTICAL=

COORDINATE SYSTEM:

NAD (83-91)
NGVD 29
TRANSVERSE MERCATOR

CENTRAL MERIDIAN:
LATUIDE OF ORIGIN:
ORIGIN NORTHING:

W 121°17°'00.000000"

K 43°00'00.000000"
0.0000 F

3,300,000.0000 F

ZONE: DESCHUTES COUNTY ORIGIN EASTING:
LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000
GEODITIC AND MAPPING COORDINATES
MARK: 18121400 HORIZONTAL ORDER: SECOND
. , . ONE
Latitude: 44°00°28.702394 SIGMA
Longitude: 121°15'50.923835" ERROR
Northings: 367475.2913 0.012
Easting: 3305049.286 0.017
Convergence: +0°00'47.9913"
Scale Factor: 1.000160029114
Ellipsoid Height: 3675.8817 0.022
Orthometric Height: 3739.7728 0.023
Geoid Height: -63.8511
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CONTROL MARK DATA -4‘\

NAME OF MARK: 18121404 COUNTY: DESCHUTES

MARK SET BY: LS

1081 JEFFERY KERN STATE: OREGON

DATE OF MARK:

1990 COUNTRY: U.S.A.

14

LOCATION: SECTION TOWNSHIP .if_ﬁl RANGE 12 E. MERIDIAN: WILLAMETTE

REFERENCE NUMBER: OCRR 1043

MARK SKETCH:
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DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE DATE: 1993
FIELD METHOD:GPS FIELD EQUIPMENT: TRIMBLE 4000ST ADJUSTED WITH: TRIMNET PLUS
DATUM: HOIZONTAL= NAD (83-91) CENTRAL MERIDIAN: W 121°17'00.000000"
VERTICAL= NGVD 29 LATUIDE OF ORIGIN: N 43°00'00.000000"
COORDINATE SYSTEM: TRANSVERSE MERCATOR  ORIGIN NORTHING: 0.0000 F
ZONE: DESCHUTES COUNTY ORIGIN EASTING: 3,300,000.0000 F
LINEAR UNITS: INTERNATIONAL FOOT SCALE ALONG MERIDIAN: 1.000160000000
GEODITIC AND MAPPING COORDINATES
MARK: 18121404 HORIZONTAL ORDER: FIRST
. . . ONE
Latitude:  44°00°'28.448025% STGMA
Longitude: 121°15'13.636876" ERROR
Northing: 367450.3347 0.007
Easting: 3307774.874 0.007
Convergence: +0°01*13.8966"
Scale Factor: 1.000160069030
Ellipsoid Height: 3636.2544 0.013
Orthometric Beight: 3700.1336 0.015
Geoid Height: -63.8792




- CONTROL MARK DATA N
NAME OF MARK: 18121500 COUNTY: DESCHUTES
MARK SET BY: LS 2282 KENNETH L. GRANTHAM  STATE: OREGON
DATE OF MARK: 1993 COUNTRY: U.S.A.
LocATION: sEcTION 15 rownsurp 18 s. maneE 12 E. MERIDIAN: WILLAMETTE
REFERENCE NUMBER: OCRR “N/A
MARK SKETCH:
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DATA COMPUTED BY: DESCHUTES COUNTY SURVEYOR'S OFFICE

FIELD METHOD: GPS FIELD EQUIPMENT: TRIMBLE 4000ST

DATE: 1993

ADJUSTED WITH: TRIMNET PLUS

DATUM: HOIZONTAL= NAD (83-91) CENTRAL MERIDIAN:

VERTICAL= NGVD 29 LATUIDE OF ORIGIN:

CCORDINATE SYSTEM: TRANSVERSE MERCATOR ORIGIN NORTHING:
ZONE: DESCHUTES COUNTY ORIGIN EASTING:

LINEAR UNITS: INTERNATIONAL FOOT

W 12<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>